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This thesis focuses on interactions between early germ cells and inner germarial 
sheath cells (IGS cells) during Drosophila oogenesis. Two aspects of signals are 
studied: one, signals from early germ cells to IGS cells and the other, signals from 
IGS cells to early germ cells. stet (stem cell tumor) was used to study the signals from 
early germ cells to IGS cells (Chapter III), while, med20 (mediator complex subunit 
20) was used to investigate the signals from IGS cells to early germ cells (Chapter 
IV).  
 
Progress related to germline stem cells (GSCs), the GSC niche and essential factors in 
Drosophila germaria is reviewed in Chapter I. The progress review covers: i) the 
maintenance vs. differentiaton of GSCs influenced by intrinsic factors; ii) the GSC 
niche activities (extrinsic signals); iii) other crucial molecules and signaling pathways 
possibly related to GSC maintenance vs. differentiation; and iv) objectives of this 
thesis. Materials and methods used in this thesis are describled in chapter II. These 
include used fly stock description, and various protocols.   
 
Chapter III describes experimental results about the signals from early germ cells to 
IGS cells. In wild type germaria, Stet functions in early germ cells, including GSCs 
and CBs, to cleave multiple EGFR ligand precursors to form active ligands; then the 
active ligands bind to EGFR expressed in IGS cells to activate EGFR/MAPK 
signaling; and the EGFR/MAPK signaling activation limites dally expression in IGS 
  xiv
cells to restrict Dpp transportation/stability. Defective germaria with EGFR/MAPK 
signaling de-limited dally in IGS cells, which resulted in ectopic Dpp 
transportation/stability to form extra Spectrosome-containing cells. These series of 
activities demonstrate a subtle regulation of early germ cells on IGS cell activity then 
to influence maintenance versus differentiation of early germ cells, and GSCs play a 
crucial role in restricting the GSC niche activity.  
 
Chapter IV results show that IGS cells play important roles in differentiation of early 
germ cells; and Med20 functions in these somatic cells via its trancription regulation 
on a set of genes. 
 
Several aspects and future investigation directions are briefly discussed in Chapter V. 
These aspects covered include a common phenomenon: defective cytoplasmic 
extension observed in germaria bearing extra Spectrosome-containing cells. The 
future study directions include the mechanism of EGFR/MAPK signaling on 





Chapter I  Introduction 
 
Stem cells are cells that have the abilities to self-renew, and, at the same time, to give 
rise to one (or more) type(s) of differentiated cells. There are two types of stem cells, 
namely, embryonic stem cells and adult stem cells. The embryonic stem cells are 
totipotent, and this means that they can differentiate to all types of cells, which 
constitute an entire organism. Adult stem cells have restricted potential, which could 
only give rise to limited cell type(s) of progenies. Stem cells play pivotal roles in 
tissue homeostasis, and organogenesis during embryonic development. Hence, the 
loss of stem cells can disrupt tissue homeostasis, causing premature aging, infertility 
or defects in tissue regeneration. The mis-regulation of stem cell self-renewal 
produces a population of undifferentiated cells that are susceptible to carcinogenic 
transformation. Due to their regenerative potential, stem cell therapy is a promising 
choice for treating degenerative diseases, such as Parkinson’s disease, Alzheimer’s 
disease and Diabetes mellitus. Hence, understanding the mechanisms that regulate 
stem cell behaviors in vivo is crucial for realizing their potentials in regenerative 
medicine.  
 
Due to lack of suitable markers so far, it is difficult to study stem cells in their natural 
microenvironment in vertebrate tissues. Drosophila germline stem cells (GSCs) in 
both male and female serve as an excellent model to study adult stem cells in vivo at 
the molecular and cellular levels. The tissue anatomy is simple, where stem cells and 
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their differentiating progenies are linearly arranged, and unique stem cell markers are 
available. In addition, powerful genetic and molecular tools, gene mutations, 
microarray and proteomics data in Drosophila are available, which also facilitate the 
stem cell study in Drosophila germaria.  
 
Various studies have revealed that intrinsic and extrinsic factors play crucial roles 
during GSC maintenance and differentiation in Drosophila. Especially, factors for 
interactions between GSCs and the niche cells have been intensively studied (Li and 
Xie, 2005; Lin, 2002; Wong et al., 2005). However, less is know about interactions 
between early germ cells (including GSC, CB and early cysts) and inner germarial 
sheath (IGS) cells outside the niche. In my thesis study, I would address the 
interactions between early germ cells, including GSCs, and IGS cells in Drosophila 
ovary. 
 
1.1 GSCs and the GSC Niche in Drosophila Ovary 
Female GSCs are closely associated with the surrounding supporting cells, which 
form a so-called stem cell niche to maintain self-renewal of GSCs (Walker et al., 
2009). In comparison to other stem cell systems, the Drosophila GSC niche has been 
extensively studied and is one of the best systems available to date (Li and Xie, 2005). 
The GSC niche provides extrinsic signals to maintain self-renewal, and prevents 
precocious differentiation, of GSCs. It has been shown that different crucial activities 
occur in the GSC niche in Drosophila. Such activities are reviewed later in the 
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Section 1.1.2 of this introduction. 
 
1.1.1 GSCs and Their Intrinsic Factors 
The GSCs undergo self-renewal division to produce a GSC daughter and a cystoblast 
(CB) daughter, which initiates differentiation. Intrinsic factors play important roles in 
GSC maintenance and differentiation. Progress on such intrinsic factors is reviewed in 
the following sections.  
 
1.1.1.1 Drosophila GSCs 
Each adult Drosophila female contains one pair of ovaries and each ovary consists of 
approximately 16 ovarioles, each representing an independent egg assembly line 
(Panels A, B and C in Figure 1.1). Each ovariole has a germarium at the anterior 
region, where two or three GSCs are located at the anterior tip. One GSC divides 
asymmetrically to produce one stem cell daughter, which maintains the GSC position 
and identity, the other daughter cell CB, which undergoes differentiation. The CB 
undergoes four rounds of synchronous divisions with incomplete cytokinesis to 
produce a 16-cell cyst (Panels C and D in Figure 1.1). Among the 16-cell cyst, one 
cell cyst develops into an oocyte while the remaining 15 cell-cystocytes adopt the cell 
fate of nurse cells. 
 
GSCs, CBs and different stages of cell cysts possess an unique intracellular organelle 




















Figure 1.1  Anatomy of the Drosophila ovary and anterior germarium.  
Panel A shows a schematic image of a Drosophila female, whose abdomen one pair of ovaries 
locate in. Panel B shows a schematic structure of one pair of Drosophila ovaries, consisting of 
ovarioles (A and B from http://www.wwnorton.com/college/titles/biology/devbio/Figure3_1.htm). 
Panel C denotes a schematic structure of a Drosophila ovariole, comprised of a germarium, and 
different stages of egg chambers. Panel D manifests a confocal image of anterior part of a 
germarium. Escort stem cells and their progenies, escort cells, constitute IGS cells.  
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adducin-like Hu-li-tai-shao (Hts) protein and α-spectrin (Deng and Lin, 1997).  In 
GSCs and CBs, the fusome is spherical in structure, also known as Spectrosome. In 
differentiating cysts, fusomes are branched and inter-connect the cystocytes (Panel D 
in Figure 1.1). The branch number is proportional to the corresponding stages of 
cystocytes. Thus, the spherical Spectrosome and branched fusomes could serve as 
useful cell markers to distinguish GSCs, CBs and differentiating cysts.  
 
1.1.1.2 Intrinsic Factors for GSC Maintenance 
A variety of intrinsic factors and extrinsic signals have been identified to regulate 
GSC maintenance versus differentiation in Drosophila ovary (Gilboa and Lehmann, 
2004; Lin, 2002; Spradling et al., 2001). Factors who are intrinsic to stem cells play 
crucial roles in maintaining self-renewal of GSCs and preventing their precocious 
differentiation. These intrinsic factors include Vasa, the Nanos-Pumilio complex, 
E-cadherin and Cyclin B and so on. 
 
Vasa is a Drosophila homolog of eukaryotic initiation factor 4A, and it is likely 
required for ovarian GSC self-renewal. Mutant germaria in vasa null allele contain 
few developing or growth-arrested cell cysts, suggesting that Vasa is involved in GSC 
proliferation/maintenance (Styhler et al., 1998).  
 
Nanos functions as a translational repressor and plays an important role in 
Spectrosome formation during Drosophila oogenesis (Wawersik and Van Doren, 
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2005). Removal of nanos results in GSC loss (Bhat, 1999; Wang and Lin, 2004), 
indicating that it functions in stem cell self-renewal. A recent paper shows that Nanos 
function in maintenance of GSCs can be antagonized by BAM (Bag of marbles, the 
key differentiation promoting factor, described in Section 1.1.1.3)/BGCN (Benign 
gnial cell neoplasm) via 3’-UTR of nanos (Li et al., 2009). Another translational 
repressor, Pumilio, also plays an important role in GSC maintenance in Drosophila 
female (Forbes and Lehmann, 1998; Lin and Spradling, 1997). 
 
Nanos and Pumilio form a well-conserved complex that represses the translation of 
some unknown differentiation-promoting factors to prevent GSC differentiation 
(Jaruzelska et al., 2003). Translational repression by the Nanos-Pumilio complex may 
act via the regulation of Vasa expression (Sano et al., 2001). A recent report has also 
shown that a DNA-associated protein Stonewall plays an important role in GSC 
maintenance by repressing the transcription of many differentiation genes including 
those targeted by the Nanos-Pumilio complex (Maines et al., 2007).  
 
Junction molecules are also involved in GSC self-renewal by physically associating 
GSCs with cap cells. E-cadherin is expressed in both GSCs and cap cells and recruits 
GSCs to the niche. E-cadherin, together with Armadillo, exerts its function in 
retaining GSCs within the niche (Song et al., 2002). E-cadherin expression is 
negatively regulated by BAM/BGCN pathway (Jin et al., 2008).  
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Cyclin B is a cell cycle molecule, and is specifically required for GSC maintenance in 
Drosophila ovary (Wang and Lin, 2005). However, the mechanism by which it 
functions in the maintenance of GSCs remains unclear.  
 
Another four molecules, Otefin, Pelota, Fused and Iswi, are also intrinsically required 
for GSC maintenance. The nuclear envelope protein Otefin is essential for GSC 
maintenance. It interacts with Medea/Smad4 at the silencer element of bam promoter 
to silence bam transcription in GSCs (Jiang et al., 2008). Iswi is a key 
chromatin-remodeling factor. In iswi mutant, GSCs are lost rapidly due to a defect in 
responding to Dpp signaling, indicating that the chromatin state affects GSC 
maintenance (Xi and Xie, 2005).  
 
Fused, a serine/theonine kinase, is a positive effector of Hedgehog (Hh) signaling. A 
defect in fused leads to the formation of extra-Spectrosome-containing cells, which 
exhibit activated Dpp signaling and no bam transcripts (Narbonne-Reveau et al., 
2006). By far, only Fused, among all known components of Hh signaling, 
demonstrates the formation of ovarian tumor when mutated in germaria. GSC 
self-renewal is also regulated by Pelola through a BAM-independent differentiation 
pathway (Xi et al., 2005).  
 
Recently, studies have shown that microRNA pathway plays an intrinsic role in 
Drosophila ovarian GSC division and maintenance. A microRNA pathway component 
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Dicer-1 is required for regulating ovarian GSC division during G1/S transition 
(Hatfield et al., 2005; Shcherbata et al., 2006) through Dacapo (Yu et al., 2009). 
Dicer-1 is also required for maintaining ovarian GSCs (Jin and Xie, 2007). 
Consistently, another two microRNA pathway components, Loquacious-B (Park et al., 
2007) and Agonaute-1 (Yang et al., 2007a), are also required for ovarian GSC 
maintenance. These studies indicate that self-renewal and maintenance of stem cells 
depend on translational control but how the microRNA pathway maintains GSCs still 
remains elusive. 
 
Fragile X mental retardation protein (FMRP) is known to regulate the translation of 
specific mRNAs (Feng et al., 1997). Besides binding mRNAs, FMRP also associates 
with microRNAs and components of the microRNA pathway (Jin et al., 2004; Yang et 
al., 2007b). It has been demonstrated that Drosophila FMRP, dFmr1, is required for 
GSC maintenance and repression of differentiation by interacting with Agonaute-1and 
the microRNA bantam (Yang et al., 2007b). These data therefore suggests that dFmr1 
regulates GSC maintenance through the microRNA pathway.  
 
Notch signaling is another important pathway required for GSC maintenance. 
Upstream components of Notch signaling, Delta or Serrate (two Notch ligands), are 
required for GSC maintenance in Drosophila female germaria. GSCs are lost in 
germline mutants for delta or delta; serrate double mutant, while delta 
overexpression results in the formation of ectopic GSCs (Ward et al., 2006). In 
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addition to its role in GSC maintenance, Notch signaling also plays a role in cap cell 
formation and maintenance (Song et al., 2007).  
 
1.1.1.3 Intrinsic Factors for CB Differentiation 
It is known that several differentiation-promoting factors are involved in CB 
differentiation in Drosophila ovary. These include BAM, BGCN, SXL (Sex lethal) 
and Arrest/Bruno.  
 
BAM is a key differentiation-promoting factor, and is directly repressed by Dpp 
(Decapentaplegic) signaling in GSCs, whereas in differentiating CBs and early 
mitotic cysts, bam is de-repressed (Chen and McKearin, 2003; Ohlstein and 
McKearin, 1997; Song et al., 2004; Szakmary et al., 2005). It is predicted that BGCN 
is related to the DExH-box family of RNA-dependent helicases although it lacks 
known helicase function (Ohlstein et al., 2000). Loss of bam and bgcn give rise to a 
CB-like tumor phenotype, and ectopic expression of bam, not bgcn, forces GSC to 
undergo precocious differentiation (Gonczy et al., 1997; McKearin and Ohlstein, 
1995; Ohlstein et al., 2000; Ohlstein and McKearin, 1997). Furthermore, BAM 
physically associates with BGCN (Li et al., 2009). These data suggest that BAM 
(together with BGCN) function is necessary and sufficient for CB differentiation.  
 
The Trim-NHL protein, Mei-P26, genetically interacts with BAM (Neumuller et al., 
2008; Page et al., 2000), suggesting its potential role in germ cell differentiation. 
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Mei-P26 regulates proliferation and differentiation in ovarian germline stem cell 
lineage (Neumuller et al., 2008). It also associates with Agonaute-1, indicating that 
Mei-P26 may function via the microRNA pathway (Neumuller et al., 2008).  
 
Mutations in either SXL or Arrest/Bruno results in the accumulation of CB-like cells 
with early differentiated cysts (Bopp et al., 1993; Parisi et al., 2001), indicating their 
roles in CB differentiation. Arrest/Bruno is required for BAM function and 
translocation of SXL from cytoplasm to nucleus, suggesting its key role in transition 
of CBs to cystocytes (Parisi et al., 2001). A recent report has shown that SXL is a 
target of Arrest/Bruno, and Arrest/Bruno represses sxl translation via the BRE (Bruno 
Response Element) region in sxl 3’-UTR (Wang and Lin, 2007). Molecular 
mechanism of how SXL regulates CB differentiation transition still remains unclear.  
 
Germline-specific gap junction protein, ZPG (Zero Population Growth, encoding 
Innexin 4 homologue), is also required for the survival of differentiating early germ 
cells in Drosophila ovary (Gilboa et al., 2003; Tazuke et al., 2002). Functional loss of 
zpg leads to failure of germline cyst differentiation and loss of GSCs in aged females. 
As a gap junction protein, ZPG may potentially mediate the passage of molecules or 
signals between germ cells and somatic cells.  
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1.1.2 GSC Microenvironment (Niche) and the Extrinsic Factors in Drosophila 
Ovary 
The “niche” hypothesis is proposed by Schofield to describe a limited 
microenvironment to support stem cells (Schofield, 1978). This hypothesis is 
supported by various experimental results in vitro. The architecture of mammalian 
stem cells, and their relative positions to the niche are complicated, rendering analyses 
of the stem cell niche in this system difficult (Li and Xie, 2005). Instead, due to 
well-defined cellular structure and simplicity, the “niche” was first demonstated at 
cellular and molecular level in Drosophila female ovary (Kiger et al., 2001; Tulina 
and Matunis, 2001; Xie and Spradling, 2000).   
 
In the Drosophila ovary, the GSC niche locates at the anterior tip of the germaria and 
closely associates with GSCs. Three types of somatic cells form the niche (Panel D in 
figure 1.1). These somatic cells include: i) a row of eight to 10 tightly packed terminal 
filament cells (TF); ii) five to seven cap cells, iii) and four to six escort stem cells 
(ESCs, the escort cell progenitor) (Decotto and Spradling, 2005; Fuller and Spradling, 
2007; Xie and Spradling, 2000). Cap cells closely contact both posterior TF cells and 
GSCs at the anterior and posterior sides, respectively, while the ESCs are in contact 
with both the cap cells and GSCs.  
 
The GSC niche, not only maintains the GSCs, but also helps to prevent their 
precocious differentiation (Lin, 2002). The cap cells, likely the core component of the 
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GSC niche, are, by far, the best-studied cell type among these three somatic cells. 
Escort stem cells and its progenies (escort cells) form the IGS cells. It is believed that 
the GSC niche together with the escort cells, produces extrinsic factors to regulate the 
behaviors of the stem cells and their progenies.  
 
1.2 GSC Niche Activities in Drosophila Ovary 
The GSC niche activities are defined by a variety of molecule function and signaling 
pathway activities to maintain GSC and prevent pre-mature differentiation. For 
instance, molecules such as Piwi (Cox et al., 1998; Cox et al., 2000) and Yb (female 
sterile (1) Yb) and Hh (King and Lin, 1999; King et al., 2001), and pathways 
including Dpp signaling (Xie and Spradling, 1998), JAK-STAT (Janus kinase-Signal 
Transducers and Activators of Transcription) signaling (Lopez-Onieva et al., 2008; 
Wang et al., 2008), Notch signaling (Song et al., 2007; Ward et al., 2006) are all 
involved in the GSC niche function.  
 
1.2.1 Molecules Involved in GSC Niche Activities 
It has been shown that a microRNA-related molecule Piwi and a transcription factor 
Yb, are involved in GSC niche activities in Drosophila. Both Piwi and Yb are 
expressed in both TF and cap cells, and are required for controlling ovarian GSC 
self-renewal (Cox et al., 1998; Cox et al., 2000; King and Lin, 1999; King et al., 2001; 
Lin and Spradling, 1997). Loss-of-function alleles in piwi exhibit GSC loss, and 
overpression of piwi gives rise to ectopic GSC-like cells (Cox et al., 1998; Cox et al., 
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2000; Lin and Spradling, 1997). Although the contributions of Piwi in TF and cap 
cells to GSC maintenance are known, the mechanism regulated by Piwi remains 
unclear. In addition, Piwi function in GSC is also required for GSC proliferation.  
 
GSC loss occurs in yb mutant ovary while more CB-like cells appear in 
overexpression of yb (Cox et al., 1998; Cox et al., 2000; King and Lin, 1999; King et 
al., 2001). Yb exerts its effects on GSCs via activating piwi and hh expressions in the 
TF and cap cells (King et al., 2001). One recent report has shown that Yb protein 
exclusively locates in somatic cells as discrete cytoplasmic spots representing a novel 
organelle (Yb body), and further functional dissection shows that the C- and 
N-termini of Yb are required for localization to Yb body and Hh expression in the 
niche cells (Szakmary et al., 2009), respectively. Hh in the TF and cap cells plays a 
redundant role with Piwi to control GSC maintenance. Molecular mechanisms of Piwi 
and Hh control of GSC maintenance still remain to be determined.  
 
1.2.2 Signaling Pathways Involved in GSC Niche Activities 
At least three signaling pathways are reported to participate in GSC maintenance. 
These include Dpp signaling, JAK-STAT signaling and Notch signaling (Arbouzova 
and Zeidler, 2006; King et al., 2001; Lopez-Onieva et al., 2008; Song et al., 2007; 
Wang et al., 2008; Ward et al., 2006; Xie and Spradling, 1998).  
 
Dpp signaling is one of the well-studied pathways in Drosophila (Figure 1.2). Dpp is 
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a Drosophila homolog of human bone morphogenetic protein 4 (BMP4), a member of 
TGF-β family (Padgett et al., 1987). Dpp is expressed in the niche cells (Mainly in the 
cap cells, also in IGS cells) and binds to both type I (Tkv and Sax) and type II (Punt) 
receptors. This binding of Dpp to its receptors promotes the phosphorylation of Mad 
(Mother against dpp). The phosphorylated Mad (pMad) forms a complex with Medea, 
which then enters the nucleus of GSCs to regulate target gene expression (Heldin et 
al., 1997). It is known that Dpp functions as a short-range morphogen in germaria. 
Dpp signaling also directly represses the transcription of bam through the silence 
element in bam promoter (Song et al., 2004) to prevent GSC precocious 
differentiation. Overexpression of dpp causes the formation of GSC-like tumor (Chen 
and McKearin, 2003; Song et al., 2004). Consistent with function of Dpp signaling, 
mutations in other components of the Dpp signaling in GSCs also lead to premature 
GSC loss (Xie and Spradling, 1998). Interestingly, another Drosophila homologue of 
human BMP, Gbb, also uses the common signal transducers of Dpp although Gbb 
overexpression does not result in any obvious phenotype. 
 
JAK-STAT signaling is another pathway essential for GSC maintenance. Components 
of JAK-STAT signaling in Drosophila (Arbouzova and Zeidler, 2006) include the 
ligand Upd (unpaird), a transmembrane receptor Dome, the kinase Hop, and the 
transcription factor STAT92E (Figure 1.3). Upd is expressed strongly in the TF and 
cap cells (Lopez-Onieva et al., 2008) and stat92E-gfp is expressed in TF cells, cap 
cells, ESCs, and ECs (Decotto and Spradling, 2005; Lopez-Onieva et al., 2008). 
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STAT92E and Hop, when compromised in these niche cells, cause a reduction in the 
number of GSCs (Decotto and Spradling, 2005; Lopez-Onieva et al., 2008), while the 
overexpression of upd in somatic cells result in the formation of ectopic GSC-like 
cells (Hatfield et al., 2005; Lopez-Onieva et al., 2008; Wang et al., 2008). JAK-STAT 
signaling can positively regulate dpp transcription in Drosophila ovary. Hence, 
ectopic JAK-STAT signaling activity results in germline tumor formation of ectopic 
GSC-like cells (Lopez-Onieva et al., 2008; Wang et al., 2008), indicating that 
JAK-STAT signaling affects GSC maintenance via Dpp signaling. However, how 
JAK-STAT signaling regulates dpp transcription is still unknown.  
 
Notch signaling is also a constituent pathway of GSC niche activities. It has been 
shown that Notch ligands, Delta and Serrate, activate Notch signaling to promote the 
formation of cap cells (Song et al., 2007; Ward et al., 2006). In addition, Notch 
signaling also plays crucial role in the maintenance of cap cells which ultimately 
determine the GSC niche size and its function (Song et al., 2007). Consistently, Notch 
signaling activation results in the formation of cap cells (the key component of the 
niche) which in turn produce Dpp and Dpp functions as a relay molecule to activate 
signaling reception to maintain GSCs (Ward et al., 2006). However, how Notch 
signaling specifies cap cells remains unknown. Additionally, Insulin signaling is 
involved in the maintenance of Notch signaling in cap cells (Hsu and 
Drummond-Barbosa, 2009) and it also affects GSC maintenance via E-cadherin (Hsu 
and Drummond-Barbosa, 2009).  
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1.3 Roles of EGFR Signaling in GSC Maintenance and Differentiation (Part I) 
EGFR (Epidermal Growth Gactor Receptor) signaling (Figure 1.4) is conserved in 
both vertebrates and invertebrates. EGFR signaling plays an important role in cell-cell 
interactions, where one cell influences the biological behaviors of a closely adjacent 
partner. Studies have shown that EGFR signaling play crucial roles in proliferation, 
differentiation and apoptosis of cells in a spatial and temporal manner (Shilo, 2003).  
 
Components of EGFR signaling in Drosophila include Rhomboid family 
intramembrane proteases, ligands (precursors and secret forms), EGF receptor and 
downstream intracellular components (Shilo, 2003) and so on. There are five EGFR 
ligands, which include Gurken (Grk), Keren (Krn), Spitz (Spi), Vein and Argos 
(Figure 1.5). The first three ligands are membrane-tethered, which require cleavage 
mediated by Rhomboid family proteases to produce active ligands. There are seven 
rhomboid family protease identified in Drosophila melanogaster genome, among 
which four members have been shown to be able to cleave the ligand precursors in 
vitro (Urban et al., 2002). There is only one receptor EGFR present in Drosophila 
(four types of EGFRs in vertebrates). The signaling cascade is activated upon binding 
of secreted ligands to EGFR. Downstream intracellular components include 
components of the Ras-Raf-MAP kinase pathway, such as Ras, Raf, Mek, Erk, 
Pointed and Yan (Figure 1.4), which functions to amplify and transmit receptor 
signals to various parts of the receiving cells. For instance, signals to the cytoskeleton 















Figure 1.2  Schematic description of Dpp signaling in Drosophila. 
Dpp, mainly produced in the cap cells, functions with Gbb to bind to their receptors on the cell 
surface of GSCs. The binding activated Mad to be phosphorylated (pMad). Then pMad functions 
together with Medea to enter the nuleus of GSCs. The entry induces activation of target genes, 














Figure 1.3  The canonical model of JAK-STAT signaling. 
Binding of Upd to its transmembrane receptor Dome results in activation of the 
receptor-associated JAK. JAK then phosphorylates itself and the receptor to generate docking sites 
for the SH2 domains of STAT. STAT are normally present in the cytoplasm as inactive monomers 
before recruitment to the Dome/JAK complex. Following phosphorylation of STAT, STAT 
dimers form, which enter to the nucleus and bind to a palindromic DNA sequence in the 
promoters of target genes to activate their transcription. The pathway components in Drosophila 















Figure 1.4  Schematic EGFR signaling and its function. 
Binding of ligands to EGFR results in dimerization and autophosphorylation of EGFR, which 
elicits activation of downstream signaling proteins. The signaling proteins initiate several signal 
transduction cascades, which includes PI3K, MAPK pathways. Such cascade activation modulates 















Figure 1.5.  Schematic image of five EGFR ligands in Drosophila and intracellular cleavage 
and trafficking of Spi.  
Panel A shows activatory and inhibitory ligands (precursors) of EGFR. Gurken, Keren, and Spitz 
are produced as transmembrane precursors and are cleaved (arrows) to form active secreted 
ligands. Vein is produced as a secreted ligand. Argos is also produced a secreted protein, and its 
EGF domain (red) mediates binding to EGFR and thus inhibits binding of other ligands, as well as 
receptor dimerization. Panel B shows intracellular trafficking and subsequent cleavage of Spitz. (1) 
Spitz precursor is normally retained in the endoplasmic reticulum (ER). (2) Star is also localized 
predominantly to the ER. It can associate with Spitz and facilitate its translocation to the Golgi. (3) 
Rhomboid is localized to the Golgi. It catalyzes the cleavage of Spitz that has been transported to 
the Golgi by Star. (4) Following cleavage, the extracellular domain of Spitz is secreted outside the 
cell. (Shilo, 2003) 
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The function of EGFR signaling in the somatic cells of Drosophila male testis, is 
required for the proper differentiation of early germ cells (Kiger et al., 2000; Tran et 
al., 2000). Early germ cells accumulate in the mutant testis for egfr and raf, indicating 
that EGFR signaling plays a crucial role in differentiation of early germ cells. 
However, an accumulation of early germ cells is not observed in the Drosophila ovary 
in these genetic background (Schulz et al., 2002).  
 
Defective differentiation of early germ cells occurs in both germaria and testis of stet 
(stem cell tumor, rhomboid homologue, also known as Rhomboid-2) mutant. Among 
these seven Rhomboids in Drosophila, only Stet is known to be expressed during 
oogenesis and gametogenesis (Guichard et al., 2000; Schulz et al., 2002). When 
expressed ectopically in Drosophila wing, Stet could cleave Grk, which functions to 
activate EGFR/MAPK signaling (Guichard et al., 2000). Interestingly, an 
accumulation of early germ cells is observed in both male testis and female ovaries 
bearing stet mutation. Hence, Stet may be involved in the processing of EGFR 
membrane-tethered ligand precursors in Drosophila germaria, and subsquent 
activation of EGFR signaling. However, in a EGFR temperature-sensitive mutant 
background, Drosophila ovary does not show accumulatin of early germ cells (Schulz 
et al., 2002). Thus, it is unclear whether there is any interaction between Stet and 
EGFR signaling in adult ovary, and how EGFR signaling functions in Drosophila 
ovary also remain unclear.   
 
  22
1.4 Glypicans and Their Functions in Drosophila (Par I) 
1.4.1 Glypicans  
Heparan sulfate proteoglycans (HSPGs) are made up from the core proteins and 
corresponding attached heparan sulphate glycosaminoglycan (GAG) chains. HSPGs 
are diverse in structure and can be divided into three families (Figure 1.6): i) 
syndecans (transmembrane proteoglycans); ii) glypicans (attached to cell surface by a 
glycosylphosphatidylinositol linkage); iii) perlecan and agrin (secreted into basement 
membranes) (Iozzo, 1998; Perrimon and Bernfield, 2000). Numerous studies have 
shown that HSPGs are required for the actions of several signaling morphogens, such 
as Dpp, Hh, and Wnt. Since these morphogens are essential for tissue patterning, 
HSPGs are implicated in many developmental processes (Selleck, 2000).  
 
Among HSPGs, Glypicans (GPCs) are best studied. GPCs are highly conserved 
throughout evolution. Six members of glypicans have been identified in mammals 
(GPC1 to GPC6), two in Drosophila (Division-abnormal-delayed, Dally; and 
dally-like protein, Dlp), and one in C. elegans (Lon-2) (De Cat and David, 2001; 
Gumienny et al., 2007). The size of the core protein among GPCs is similar (60-70 
kDa), and they each contain a N-terminal secretory signal peptide, a conserved 
14-cysteine residue, glycosaminoglycans (GAGs) attachment sites and a C-terminal 















Figure 1.6  Depiction of HSPGs associated with cell surface. 
The syndecan core proteins are apparently highly extended transmembrane proteins that contain a 
short carboxy-terminal cytoplasmic domain. The HS chains on the syndecans are linked to serine 
residues that are distal from the plasma membrane. The glypican core proteins are apparently 
disulphide-stabilized globular core proteins linked to the plasma membrane by a GPI linkage. The 
HS chains on the glypicans are linked to serine residues adjacent to the plasma membrane. 
Basement membranes in mammalian tissues contain perlecan and agrin. Both are large 
multidomain proteins bearing HS chains near their amino termini. (Perrimon and Bernfield, 2000) 
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1.4.2 Glypican Functions in Drosophila 
Glypicans are highly expressed during development and their expression changes in a 
stage- and tissue-specific fashion. They play pivotal roles in morphogen signaling and 
distribution. Disruption of glypican formation in either core proteins or sugar chain 
synthesis results in defects in growth and morphogenesis. Notably, mutations in 
human GPC3 result in overgrowth and tumor-susceptibility syndrome 
(Simpson-Golabi-Behmel Dysmorphila) (Pilia et al., 1996). Loss of GPC3 inhibits 
Wnt/JNK signaling, and hence, activation of Wnt/beta-catenin signaling (Song et al., 
2005). Mutations of dally in Drosophila shows cell cycle progression defect in lamina 
precursor cells (Nakato et al., 1995) and displays reduced Dpp signaling activity 
(Jackson et al., 1997). These findings therefore suggest that glypicans are involved in 
the regulation of morphogenesis (Perrimon and Bernfield, 2000; Selleck, 2000). 
 
1.4.2.1 Regulation of Glypicans in Dpp Signaling 
Dally, one member of glypicans in Drosophila, is involved in cell division patterning 
in the visual system (Nakato et al., 1995). Mutants in dally show cell cycle 
progression defect in the eye and developing brain, as well as in wing, antenna, and 
genitalia (Jackson et al., 1997; Nakato et al., 1995). This cell cycle progression defect 
may be mediated by Cyclin A (Nakato et al., 2002). Genetic studies between dally and 
dpp show dally mutant phenotypes in eye, genitalia and antenna, suggesting that this 
is at least a consequence of the lack of Dpp signaling (Jackson et al., 1997). It has 
been shown that Dally forms a complex with Dpp and stabilizes Dpp in the 
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extracellular matrix of the developing wing to regulate distribution and signaling of 
Dpp (Akiyama et al., 2008; Belenkaya et al., 2004; Fujise et al., 2003). Another 
glypican in Drosophila, Dlp (dally like protein), is also involved in the extracellular 
movement of Dpp (Belenkaya et al., 2004).  
 
1.4.2.2 Regulation of Glypicans in Wingless Signaling 
The Drosophila Wg (Wingless) is a member of the Wnt family and is a critical 
regulator to control proliferation and differentiation during development. Several 
studies have shown that Dally and Dlp are involved in Wg signaling (Baeg et al., 
2001; Han et al., 2005; Lin and Perrimon, 1999; Tsuda et al., 1999). Dally may 
function as a co-receptor for Wg and modulate Wg activity together with Fizzled-2 
(Lin and Perrimon, 1999). And Dlp is required for the extracellular distribution of Wg 
(Baeg et al., 2001). Interestingly, Dlp can regulate Wg signaling both positively and 
negatively (Baeg et al., 2004; Kirkpatrick et al., 2004; Kreuger et al., 2004). In the 
wing imaginal disc, Wg morphogen gradient is mainly controlled by both Dally and 
Dlp (Han et al., 2005).  
 
1.4.2.3 Regulation of Glypicans in Hedgehog Signaling 
Hh morphogen plays critical roles in specifying cell fate during animal development. 
Dally and Dlp are also involved in regulating Hh signaling activity (Desbordes and 
Sanson, 2003; Gallet et al., 2008; Han et al., 2004; Takeo et al., 2005). Dlp is required 
for Hh signaling during Drosophila embryogenesis and wing disc development 
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(Desbordes and Sanson, 2003; Gallet et al., 2008; Han et al., 2004). Interestingly, 
Dally and Dlp are functionally redundant in Hh movement during Drosophila wing 
disc development (Han et al., 2004; Takeo et al., 2005). 
 
One recent study has reported that Dlp also modulates FGF signaling during 
Drosophila tracheal morphogenesis by acting as co-receptor (Yan and Lin, 2007).  
 
1.5 RNA Interference 
RNA interference (RNAi) is a system within living cells that helps to control which 
genes are active and how active they are. RNAi is found in many eukaryotes. The 
RNAi pathway is initiated by Dicer, which cleaves double-stranded RNA (dsRNA) to 
generate short double-stranded fragments that are 20–25 base pairs in length. One 
strand is then incorporated into the RNA-induced silencing complex (RISC), which 
binds to the complementary mRNA. The binding of the RISC to the target mRNA can 
either promote the degradation of the mRNA or repress its translation (Hammond et 
al., 2000). The RNAi pathway is well studied in model organisms such as 
Caenorhabditis elegans, D. melanogaster, and Arabidopsis thaliana. This technique is 
used in this study.  
 
1.6 Mediator Complex and its subunit 20 (Part II) 
The Mediator complex contains cofactors of transcription regulation and is an 
evolutionarily conserved co-regulator complex of RNA polymerase II-mediated 
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transcription. The mediator complex consists of more than 20 protein subunits, and 
has been found in a variety of eukaryotes including yeast, fruit fly, mouse and human. 
The components of the Mediator Complex are divided into four groups: head, tail, 
middle and cdk-cyclin groups. Mediator can interact with both specific transcription 
factors and RNA polymerase II to regulate gene expression positively or negatively 
(Casamassimi and Napoli, 2007; van de Peppel et al., 2005).  
 
The mediator complex is viewed as a modular and dynamic interface that connects 
diverse gene-specific regulatory proteins to the basal RNA Pol II transcriptional 
initiation apparatus by acting as signal sensor, integrator, and processor. Hierarchical 
clustering of the expression profiles shows three major groups within the nonessential 
Mediator subunits: 1) positive subunits, whose deletion results decreased transcript 
levels; 2) negative subunits, whose deletion predominantly increases transcript levels; 
3) neutral subunits whose deletion does not show significant changes in terms of 
transcription (Casamassimi and Napoli, 2007; van de Peppel et al., 2005).  
 
The mediator complex subunit 20 (Med20) is one subunit of the head group and is 
thought to be a positive subunit (van de Peppel et al., 2005). Med20 can form a 
sub-complex with Med8 and Med18 to positively regulate the initiation-complex 
formation (Lariviere et al., 2006). The mechanism of Med20 function in Drosophila 
germaria is still not well understood.  
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1.7 Function of Daughter of Sevenless in Drosophila (Par II) 
Grb2-associated binder (Gab) family members are scaffolding/docking proteins, 
which are involved in signaling pathways. Multiple Gab proteins (Gab1 to Gab3) are 
identified in mammals. Among these, only one Gab homologue, Daughter of 
Sevenless (Dos) and Suppressor of clear (Soc1), are identified in Drosophila and C. 
elegans, respectively. Gab proteins contain a N-terminal plackstrin homology (PH) 
domain, a central proline-rich domain (PRD) and binding sites for SH2 and SH3 
domains (Liu and Rohrschneider, 2002; Nishida and Hirano, 2003).  
 
Dos is a substrate of phosphotyrosine phosphatase Corkscrew, and is involved in the 
signaling pathways regulated by receptor tyrosine kinases, such as Sevenless and 
EGFR signaling pathways (Bausenwein et al., 2000; Feller et al., 2002; Herbst et al., 
1996; Raabe et al., 1996). It is a positive component of Sevenless signaling in 
Drosophila (Herbst et al., 1996). Dos can interact with Drk through its SH3 domain to 
exert its function in Sevenless and EGFR signalings (Feller et al., 2002). The function 
of Dos in Drosophila ovary is not fully understood.  
 
1.8 Objectives and Significance of This Thesis 
A variety of molecules and signaling pathways play extrinsic and/or intrinsic roles in 
controlling GSC maintenance versus differentiation. These intrinsic and extrinsic 
molecules and signaling pathways may mediate the interactions between early germ 
cells and somatic cells in Drosophila ovary. There is one reported case of such 
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interaction in Drosophila gonad (Gilboa and Lehmann, 2006). This finding reports 
that primordial germ cells express the EGFR ligand Spi to maintain the survival of 
intermingled somatic cells in the Drosophila gonad. The intermingled cells in turn 
inhibit proliferation of the primordial germ cells though an unknown signal(s). In this 
study, I would like to dissect the bidirectional interactions between early germ cells 
and IGS cells in adult Drosophila germaria. As such, two aspects will be investigated 
as listed below: I) signals from early germ cells to IGS cells; II) signals from IGS 
cells to early germ cells.   
  
These two parts of studies would give us some clues and clear evidence on 
interactions between early germ cells and IGS cells in Drosophila germaria. Also the 
studies would help us to further understand both processes and underlying 
mechanisms of GSC maintenance versus differentiation. Furthermore, such study 
results would pave fundamental paths for potential application of stem cells in 
degenerative diseases in human.  
 
Part I 
Prevous studies have shed light on the importance of GSC niche activities, which 
mainly occur in cap cells, but whether EGFR signaling is involved in the niche 
activity still remains unknown. Firstly, previous studies on GSC niche activities have 
clearly demonstrated that one niche component, the cap cells, plays crucial roles in 
the control of maintenance versus differentiation of GSCs. However, few studies 
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demonstrate the roles of the newly identified niche component, ESCs, in GSC 
maintenance versus differentiation. Secondly, early germ cells accumulate in EGFR 
signaling defective testis (including egfr and raf mutant) or stet mutant testis and 
ovaries (Kiger et al., 2000; Schulz et al., 2002; Tran et al., 2000). These results 
indicate that both Stet and EGFR signaling play key roles in the differentiation of 
early germ cells. However, the relationship, if any, between Stet and EGFR signaling 
in Drosophila ovary still remains unclear. Thirdly, the molecular mechanisms of Stet 
and EGFR signaling in promoting early germ cell differentiation are still not well 
understood. Finally, since the Dpp signaling plays a crucial role in GSC maintenance 
and BAM is a key differentiation-promoting factor, this thesis also aims to address the 
relationship between EGFR signaling and either Dpp signaling or BAM.  
 
The results of this study may contribute to a better understanding of the roles of Stet 
in early germ cell development and also a clearer explanation of how EGFR signaling 
regulates early germ cell differentiation. The results also may provide insights into the 




It is believed that IGS cells are also required for GSC maintenance versus 
differentiation. To identify essential genes required in IGS cells, a screen is conducted 
using the RNA interference technique. The read-out certeria of the screen is change of 
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spectrosomes number in germaira. If one gene is required in IGS for the 
differentiation of CBs, its corresponding knockdown will give rise to change in 
spectrosome number.   
 
The driver C587-gal4 promotes tissue-specific expression in IGS cells (Panel D in 
Figure 1.1). By driving expression of double strands of RNA fragments of genes of 
interest using C587-gal4, I hope to identify genes that play critical roles in mediating 
signals from IGS cells to early germ cells. In addition, to obtain global expression 
profiling of IGS cells, microarray technique would be used.  
 
The results of this part would not only unveil novel signal molecules from IGS cells 
to early germ cells, but also provide us a further understanding in the roles of IGS 







Chapter II  Materials and Methods 
 
All chemicals and reagents were analytical grade. Restriction enzymes and DNA 
modifying enzymes were purchased from New England Biolabs, Promega and Roche, 
etc.  
 
 2.1 Molecular Work 
2.1.1 PCR, Quantitative Real-time PCR, Inverse PCR and Primers 
2.1.1.1 PCR 
PCR was used to amplify genes or its fragments of interest. Pfx (Invitrogen, high 
fidelity) and Taq (Qiagen) DNA polymerases were used for PCR, and generally PCR 
reaction volume was 50 μL, which contained 1 μL of DNA template (50 ng), 1 μL of 
forward primer (10 μM), 1 μL of reverse primer (10 μM) and 4 μL of dNTPs (2.5 mM 
each) and 5 μL of PCR buffer (for use of Pfx enzyme, additional 1 μL of 50 mM 
MgSO4 was required), 37 μL of double distilled water (for use of Pfx enzyme, 
corresponding water volume was 36 μL) and 1 μL of DNA polymerase (2.5 – 5 U). 
General PCR program was 94°C for 5 min; 30 cycles of 94°C for 30 s, 60°C for 30 s, 
68°C for 1 min/kb (for Pfx, 2 min/kb) of DNA length; 68°C for 10 min and PCR was 
carried out in a thermocycler (MJ 200). PCR products run on standard DNA agarose 
gel and DNA with expected size were isolated and purified. GFXTM PCR DNA and 
Gel Band Purification kit (GE) was used for DNA purification.  
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2.1.1.2 Quantitative Real-time PCR 
Quantitative real-time PCR (Q-PCR) was used for determining mRNA level of 
specific molecules in samples. The reaction volume was 10 μL. Power SYBR green 
PCR master mix (2x, Applied Biosystems) and 384-well reaction plates (Applied 
Biosystems) were used for Q-PCR. The Q-PCR reaction system included 5 μL of 2 x 
SYBR green mix, 0.5 μL of cDNA, 1 μL of forward primer (10 μM), 1 μL of reverse 
primer (10 μM) and 2.5 μL of double distilled water, and Q-PCR was carried out in a 
device of 7900HT fast real time PCR system (Applied Biosystems) according to 
manufacturer’s manual. The Q-PCR products were visualized by argorose gel 
eletrophoresis. 
 
 2.1.1.3 Inverse PCR 
P-element insertion lines, BL#17375 and P{EP}poe737, were used for imprecise 
excision experiments to generate stet and med20 mutants, respectively. Before doing 
the excision experiments, confirmation of P-element insertion sites were conducted 
using inverse PCR. Both lines are P{EP} lines, so two pairs of primers Pwht1 
together with Plac1 and Pry2 together with Pry1 were used for amplification 
(Berkeley Drosophila Genome Project).  
 
2.1.1.4 PCR Primers 
Various primers were used in this study, thus primers were grouped together and 
listed below according to PCR types.  
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A) In this study, three constructs were made for overexpression of secret form of 
keren in UASp vector, overexpression of stet under either bam promoter or vasa 
promoter, respectively. PCR Primers used are listed in table 2.1. 
Table 2.1  Primers for overexpression of secret form of keren and stet. 
Primer Primer sequence (5' to 3') DNA fragment Construct 
Forward CACCATGCGAGCCCAGGATCTGCTG 
Reverse TGGCAGGTACGAGCCATCAATC 
Secret form of krn pUASp-skrn-cmyc
Forward AggatccATGAGCGGCAAGCGGACA (BamHI) 
Reverse ActcgagTCACACCTGGAAATCATTG (XhoI) 
stet pbamP-stet  
Forward CactagtATGAGCGGCAAGCGGACA (SpeI) 
Reverse AggatccTCACACCTGGAAATCATTG (BamHI)
stet pvasP-stet 
Forward AggtaccTTATCTTCGTTGCTCCTGTTA (KpnI) 
Reverse CactagtTGGAATTTCCCATTGTGCTAT (SpeI) 
vas promoter  pvasP-stet 
Underscore means nucleotides specific for cloning into pENTRTM/D-TOPO vector. Small letters in each primer 
means a specific restriction enzyme (RE) digestion site and the initial CAPITAL LETTER at 5’ terminal followed 
by a RE site means a protective nucleotide.  
 
B) P-element insertion sites in lines, BL#17375 and P{EP}poe737, were confirmed 
via inverse PCR. And after P-element-mediated imprecise excision, the primers 
were designed to amplify genomic fragments of stet or med20 according to 
P-element insertion sites. The corresponding primers used are listed in table 2.2.  
Table 2.2  Primers for inverse PCR and excision determination PCR of stet and med20. 
Primer Forward primer sequence (5' to 3') Reverse primer sequence (5' to 3') 
stet-Inv5 GTAACGCTAATCACTCCGAACAGGTCACA CACCCAAGGCTCTGCTCCCACAAT 
stet-Inv3 CTTGCCGACGGGACCACCTTATGTTATT CCTTAGCATGTCCGTGGGGTTTGAAT
stet-Exc GTGAAGTCGCCTACCTGGTGA GTGCTCAGTTACGCTCGGCTA 
med20-Inv5 GTAACGCTAATCACTCCGAACAGGTCACA CACCCAAGGCTCTGCTCCCACAAT 
med20-Inv3 CTTGCCGACGGGACCACCTTATGTTATT CCTTAGCATGTCCGTGGGGTTTGAAT
med20-Exc TACCGCCGTTGATGGTCTCC TGCACGTGGTTGAGGTTCTCC 
Inv means that the primer is for inverse PCR, while Exc does for PCR to determine excision. 
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C) After IGS cells were sorted from different genetic backgrounds, Q-PCR was 
carried out to examine mRNA level of distinct genes. Primers used for Q-PCR are 
listed in table 2.3. The primers for actin5c were used as internal control. 
Table 2.3  Primers for Q-PCR. 
Gene Forward primer sequence (5' to 3') Reverse primer sequence (5' to 3') 
actin5c GGATCTCCAAGCAGGAGTACG TCCTCCAGCAGAATCAAGACC 
bgcn CCAATACACCGTGCTGACTG GCGTTAACGGACAGGAGGTA 
bnl AACCAGCGATAGGGTGGAG GAGTCCTCGTAGCTCGCATC 
cg5522 GGCCAACTCGCTGGTGTAT CAGAGTTCGGTGGCACAGT 
dally GTATCCACCACCACCAGCAC CGCTGTAAGTCCCACTCGAC 
dlp GGTAGTGGAGCTGGTTCTGG CGTCGTTGTCTGCATCCAC 
dos GTGCCCCTCTCTCAATGGT GGTGCGCTGATGTTGTACC 
dpp CCGCTCCTGTTCACCTACAC GGTGTCGTCGTGGTTCTTG 
ena GGAAGATCCCCAGGCAGAT GAGGCCATGCCATTAGAGC 
epac CCAATACACCGTGCTGACTG GCTCCACCTTCTGGGACAT 
fps85d CCAACTCCAGAGCCAGAGAG GTCCAGGCGCAGAATCAGT 
gcl AGGAGGCGACAACCTCTCTC GTCGAAGGCTCAGAGTCACC 
hh AGGCCGTCTACAGCGAAGT GCCAAACGCTAACCAGGTG 
idgf1 GACAGTCCTGCCCAATGTG CCTCCTCGGGATTTCGTAG 
imp GTCAGTGGAAGGCGCAGTA ATGATACGGCCCACCTGAG 
impl3 GTCTCCACCTCCGTTTTGG CTTCGGTGGGAGTCAGGAT 
jra GGAGGCACCTTCACCTACAC GATGCAGCCACACGGTTAC 
med20-3 TCTTTGAGCCAATGGACACC GCGGATCAGGATCGATGTAG 
med20-4 TCCCTCCTATTTCGCTCCAC CCCATACCGCCCATAAGAGT 
pbl ACACCTGCCGTACTGATGC GAGAAAGCACGACCCACCT 
pk61c CCAGCGGCAGCAGTAATAG CTACCCAATGTCCGGTTGTC 
rac2 CCGATCACCTATCCCCAAG GTCCTCGAACGACAGGACA 
sev GCCAAACGCTAACCAGGTG GAGAGCGAGAGTCCAGCAGT 
spi GCGGATCAACCCTGTGACT GCAGCAGGAAGGGATCTTG 
tie ATCGTCCTCTGGGAGATCG GCGGGACATCAGGTTGTAG 
 
D) To detect in vivo mRNA of interest, probes were prepared for RNA in situ 
hybridyzation. Primers for amplification of DNA template for in situ 
hybridyzation are listed in table 2.4. 
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Table 2.4  Primers for RNA in situ hybridyzation. 
Gene Forward primer sequence (5' to 3') Reverse primer sequence (5' to 3') 
dpp  CAAGGAGGCGCTCATCAAG CACCAGCAGTCCGTAGTTGC 
dally TGACTTGCACGAGGACTACG CTTGCAGTAGCCGTAGCACA 
T7 and SP6 promoter sequences were coupled with reverse primers for anti-sense probes 
and forward primers for sense probes, respectively.  
 
2.1.2 Construction of Recombinant Vectors 
General recombinant DNA methods were used according to Molecular Cloning 
(Sambrook and Russell). PCR products were firstly cloned into pGEM-T easy vector 
(Promega) or pENTRTM/D-TOPO vector (Invitrogen). Subsequently, DNA sequencing 
reaction was used to confirm insertion DNA sequence and opening reading frame. 
The recombinant expression vector (pCasPeR-4) was chosen for transgene 
microinjection. Then the DNA fragment of interest was subcloned from the 
recombinant pGEM-T easy Vector into a corresponding vector.  
 
In the case that a gateway system was used, recombinant pENTRTM/D-TOPO vector 
was swapped with the destination vector (pPWM) to obtain a proper recombinant 
construct through LR reaction. DNA constructs made and used in this study are listed 
in table 2.1.  
 
2.1.3 Strains and Growth Conditions 
The E.coli strain DH5α was used in this study for all cloning work. E.coli cells were 
either cultured in LB broth (1% bacto-tryptone, 0.5% bacto-yeast extract, 1% NaCl, 
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pH 7.0) or LB agar plates (LB broth plus 1.5% bacto-agar) at 37°C with 
corresponding antibiotics (either 100 μg/mL Ampicillin or 50 μg/mL Kanamycin).  
 
2.1.4 Transformation of E.coli DH5α Cells 
 2.1.4.1 Preparation of Competent Cells for Heat Shock Transformation 
One freshly recovered DH5α colony was used for overnight culture. Then the 
overnight culture was inoculated into 500 ml of LB broth by 1%, which was cultured 
at 37°C at 250 rpm until OD600 was about 0.6 (roughly 2 hours). The culture cells 
were harvested by centrifugation at 4000 rpm for 5 min at 4°C. The cell pellet was 
then gently re-suspended in 20 ml of ice-cold Buffer A (10 mM MOPS, 10 mM RbCl, 
pH 6.5) and centrifuged again. Then subsequent cell pellet gently re-suspended in 
ice-cold Buffer B (100 mM MOPS, 50 mM CaCl2, 10 mM RbCl, pH 6.5). The cells 
were chilled on ice for 15 min and then centrifuged again. The cell pellet was 
re-suspended in 5 ml of ice-cold Buffer B plus 10% glycerol. The cells were frozen in 
aliquots of 200 μl in liquid nitrogen and stored in -80°C for later use.  
 
 2.1.4.2 Heat Shock Transformation of DH5α 
The competent cells were thawed on ice, and after addition of 10 μl of ligation 
reaction mix the cells were kept on ice for 30 min. Then the cells were heat shocked at 
37°C for 3 min and chilled on ice for 5 min. The cells were then recovered in 1 ml of 
LB broth without antibiotics at 37°C for 30 min. The cells with LB broth were briefly 
spun and re-suspended in 100 μl of LB broth. The cell suspension was spread on LB 
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agar plate with appropriate antibiotics for 12-16 hours of culture.  
 
2.1.5 Plasmid DNA Preparation 
2.1.5.1 Plasmid Miniprep 
Two kinds plasmid miniprep were used in this study. For large-scale miniprep, STET 
boiling method was used whereas for small-scale miniprep, QIAprep Minipre kit was 
used.  
 
Plasmid miniprep through STET boiling method was done according to the following 
procedure. Single fresh colony was inoculated into 3 ml of LB broth for overnight 
culture at 37°C. The cells were harvested in 1.5 ml eppendorf tubes via centrifugation 
at 14,000 rpm for 20 s. The cell pellet was re-suspended in 350 μl of STET buffer (8% 
sucrose, 50 mM Tris pH 8.0, 50 mM EDTA, 0.5% Triton X-100) and the suspension 
was boiled for 2-3 min on a heat block. The cell lysate was centrifugated at 14,000 
rpm for 10 min. Then the debris pellet was removed using a sterile toothpick. An 
equal volume of isopropanol (350 μl) was added into supernatant of each sample tube 
prior to mixing. Each tube was then centrifugated at 14,000 for 5 min at room 
temperature. The supernatant was discarded and the DNA pellet was air-dried and 
then was dissolved in 50 μl of TE-Rnase and used for restriction enzyme digestion or 
DNA sequencing. Plasmid miniprep was done using Qiaprep Miniprpe kit (Qiagen) 
according to manufacturer’s instructions.  
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 2.1.5.2 Plasmid Midiprep 
After a final recombinant construct was confirmed by sequencing and the construct 
was used for microinjection in Drosophila embryos, plasmid Midiprep would be 
conducted with Qiagen Plasmid Midiprep Kit plus Qiagen-tip 100 resin column. The 
plasmid midi-preparation was carried out according to the manufacture’s protocol.  
 
2.1.6 RNA Extraction of Sorted Cells 
Sorted cells by FACS were immediately collected by centrifugation at 1000-x g for 10 
min, and then washed with PBS twice. After re-centrifugation for collecting the cells, 
total RNA was extracted using the PicoPureTM RNA Extraction Kit (Arcturus) 
according to the kit’s instructions. During RNA extraction, DNase treatment on 
column was conducted after the RNA binding step.  
 
2.1.7 Cell Death Determination 
To determine cell death in germaria, the terminal dUTP nick end labeling technique 
was used according to manufacturer’s manul (Roche). 
 
2.1.8 Synthesis of cDNA for PCR or Q-PCR 
RNA of sorted IGS cells was extracted using PicoPureTM RNA Extraction Kit 
according to the manufacture’s instructions. Extracted RNA was used to synthesize 
cDNA through SuperScriptTM III First-Strand Synthesis System for RT-PCR 
(Invitrogen) according to the manufacture’s instructions. The oligo(dT)20 primer was 
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used for cDNA synthesis. Then the cDNA was used for PCR or Q-PCR. 
 
2.1.9 Amplification of RNA for Microarray Experiment (Part II: Med20) 
Total RNA was extracted from sorted IGS cells using PicoPureTM RNA Extraction Kit 
according to the manufacture’s instructions. Because of low amount of RNA, the 
amplification kit of MessageAmpTM II aRNA Amplification (Ambion) was used to 
amplify mRNA according to the manufacture’s instructions. Two-round amplification 
was conducted for proper amount (round 100 mg for each sample) of aRNA.  
 
2.1.10 Microarray Experiment 
The Drosophila microarray chips (version 1) were used for global expression 
profiling of IGS cells. The microarray chips and the amplified aRNA were sent to 
Microarray facility of IMCB for microarray experiments.  
 
2.1.11 Single Fly DNA Preparation for Single Fly PCR 
A single fly was transferred into a PCR tube containing 50 μL of buffer (10 mM 
Tris-Cl pH8.2, 1 mM EDTA, 25 mM NaCl, and 200 μg/mL Protease K) and mashed 
for 10 s with a yellow pipette tip until only cuticle remained. The resultant mixture 
was incubated at 37°C for 30 min and then at 95°C for 5 min to inactivate Protease K 




2.1.12 Fly DNA Preparation for PCR and Inverse PCR 
Round 30 anesthetized flies were collected in a 1.5 ml eppendorf tube containing 200 
µL of buffer A (100 mM Tris-HCl, pH 7.5, 100 mM EDTA, 100 mM NaCl, 0.5% 
SDS) and were ground with a disposable tissue grinder. After the first time of 
grinding, another 200 µL of buffer A was added for additional grinding till only 
cuticles remained. The resultant mixture was incubated at 65°C for 30 min, and then 
was added with 800 µL of LiCl/KAc (1 part of 5 M KAc: 2.5 parts of 6 M LiCl). 
After addition of LiCl/KAc, the mixture was incubated on ice for at least 10 min and 
then spun for 15 min at room temperature. The supernatant was transferred into a new 
tube and mixed with 600 µl of isopropanol. Then centrifugation was conducted for 15 
min again at RT. The resultant supernatant was discarded and the pellet was washed 
with 70% ethanol. After drying, the pellet was suspended in 150 µL of Tris-EDTA 
(pH8.0) and stored at -20°C for later use.  
 
2.2 Fluorescent Activated Cell Sorting (FACS) 
2.2.1 Sample Preparation for FACS 
IGS cells were sorted from totally four genotypes of flies. These flies include control, 
C587-gal4/+; UAS-gfp/+ (aged four days at 25°C); and three experimental flies: i) 
C587-gal4/+; UAS-gfp/+; stet1A3/stet1A3 (aged four days at 25°C), ii) C587-gal4/+; 
UAS-gfp/egfrF24; egfrRNAi/+ (designated as egfrF24+RNAi in this study, aged seven days 
at 25°C), iii) and C587-gal4/+; UAS-gfp/med20RNAi (aged four days at 25°C).  
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Single cell suspension was prepared as described below. Round 300 aged flies were 
dissected within two hours in Schneider’s media supplemented with 10% FBS for 
each sorting experiment. The ovaries were cut to remove posterior part of ovarioles 
and then rinsed 3 times with calcium-free PBS. The residual ovaries were incubated in 
PBS with 0.5% of Trypsin (Invitrogen) and 2.5 mg/mL Collagenase (Invitrogen) (Kai 
et al., 2005) for 80 min at room temperature on a roller. The resultant cell suspension 
was filtered twice through a 40-μm nylon mesh. Cells were collected by 
centrifugation at 1000-x g for 10 min and re-suspended in 2 ml of PBS (cell 
concentration was about 107/mL) with 10 mg/mL of propidium iodide (PI), incubated 
for 15 min at room temperature. And the cells were immediately sorted using a 
FACSCalibur machine (Becton-Dickinson). 
 
2.2.2 Sorting of IGS cells by FACS 
A Becton Deckinson FACSCalibur machine was used for sorting IGS cells 
(GFP-positive, PI-negative) with CELLQUEST software. The cells were sorted by 
gating green-positive and red negative cells with the exclusion mode. The total sorted 
cells accounted for round 5% of whole cells.  
 
2.3 RNA In Situ Hybridization 
2.3.1 RNA Probe Preparation 
A pair of primers was used to amplify the DNA fragment for subsequent synthesis of 
a probe. And the PCR products were purified, sequenced and then used as DNA 
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template to transcribe into a corresponding RNA probe. RNA probes were labeled 
using DIG RNA labeling kit (Roche) following the manufacturer’s instructions. Then 
quality of RNA probe was visualized by agarose gel electrophoresis.  
 
2.3.2 RNA In Situ Hybridization 
Aged Drosophila females were dissected in PBS; and round eight ovaries were 
immediately fixed in freshly prepared 4% formaldehyde for 20 min in 1.5 mL tube; 
washed with PBST20 (PBS + 0.1% tween20) for 3x10 min; washed with 1:1 of 
PBT/hybridization solution (HS: 50% formamide, 4x SSC, 250 μg/ml salmon sperm 
ssDNA, 50 μg/ml heparin, and 0.1% Tween 20) and washed with HS 10 min each; 
pre-hybridized in 1 mL of HS at 65°C for 1 hour; hybridized with the probes at 65°C 
overnight; rinsed and washed with pre-warmed HS for 2 x 15 min at 65°C; washed 
with pre-warmed PBT20/HS (1:1) 20 min at 65°C; washed with pre-warmed PBT20 
for 2 x 20 min at 65°C; washed with PBT20 at room temperature for 20 min; 
incubated with POD-conjugated anti-DIG antibody (Roche, Cat 1207 733) at 1:200 
dilution in PBT20 at room temperature and rolled overnight; rinsed once and washed 
with PBT for 4x10 min; incubated in the dark for 1 hour with tyramide reagent (TSA, 
1:50 dilution, PerkinElmer Life Sciences) which was diluted in amplification diluent 
buffer; washed for 3x10 min; stored in mounting medium for later observation or 
proceed to immunostaining.  
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2.4 Immunofluorescence Staining and Confocal Microscope 
2.4.1 Immunofluorescence Staining of Ovary 
2.4.1.1 Fixation of Drosophila Ovaries 
Properly aged Drosophila female flies were dissected in PBS, and their ovaries were 
immediately fixed in freshly prepared 4% formaldehyde with 0.1 M HEPES for 20 
min. The fixed ovaries then were washed in PBT100 (PBS plus 0.1% Triton X-100) 
for 10 min.  
 
2.4.1.2 Antibody staining of Fixed Ovaries 
The immunostaining protocol used in this study is listed below. The fixed ovaries 
after washing were blocked in 3% BSA in PBT100 at room temperature for > 30mins. 
Then ovaries were incubated with primary antibody according to corresponding 
dilution ration at room temperature for 2 h or at 4°C overnight. Then ovaries were 
washed 3 x in PBT100 for 10 min each and corresponding secondary antibody was 
incubated with ovaries at room temperature for 2 h. To-Pro III was incubated with 
ovaries for DNA staining at room temperature for 10 min before adding anti-fade 
mounting media (Vectorshield). Finally, the stained ovaries were kept in -20°C for 
later examination. The antibodies used in this study are shown below in table 2.5.  
 
Table 2.5  Antibodies used in this thesis study.  
Antibody Dilution Source  
Monoclonal anti--Spectrin antibody 3A9 1:30 Developmental hybridoma
Polyclonal anti--Spectrin antibody 1:2000 Generated in our lab 
Polyclonal rabbit anti-GFP antibody 1:2000 Molecular Probes 
Monoclonal rabbit anti-phosphorylated Erk1/2 antibody 1:200 Cell Signaling 
  45
Polyclonal rabbit anti-Galactosidase antibody 1:3000 Cappel 
Monoclonal mouse anti-phosphorylated Histone 3 antiboy 1:10000 Abcam 
Polyclonal guinea pig anti-vasa antibody 1:3000 Dr Toshie Kai 
Monoclonal mouse anti-LaminC antigody 1:30 Developmental hybridoma
Goat anti-mouse, -rabbit, or -guinea pig IgG secondary antibodies 1:500 Molecular Probes 
 
 2.4.1.3 Phosphorylated Extracellular Signal-regulated Kinase 1/2 (pErk 1/2) 
immunostaining  
When pErk 1/2 staining was conducted, phosphatase inhibitor cocktail 1 (Sigma) was 
added into ovary fixative solution. The rest steps were the same as the normal 
immunostaining protocol.  
 
2.4.2 Confocal Image Processing 
After being immunostained and mounted on slides, ovaries were visualized and 
analyzed under a confocal microscope. And confocal images were taken on a Zeiss 
LSM 510 META upright confocal microscope. All digital images were processed 
using Photoshop and illustrator (Adobe).  
 
2.5 Fly Genetics 
2.5.1 Fly Stocks 
The following stocks used in this study are listed in table 2.6. 
Table 2.6  Fly stocks used in this thesis study. 
No Fly stock Source 
1 UAS-gfp Bloomington (BL-1521) 
2 P{EPgy2}stetEY07108 Bloomington (BL-17375)
3 UAS-phl Bloomington (BL-2033) 
4 nanos-gal4 Bloomington (BL-25394)
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5 starIIN Bloomington (BL-2772) 
6 uas-flps Bloomington (BL-5254) 
7 UAS-dally Bloomington (BL-5397) 
8 egfrF24 Bloomington (BL-6500) 
9 UASp-tkvCA/TM6 Dr Edwin L. Ferguson 
10 grkHF/Cyo Dr Jocelyn A McDonald 
11 spi2A14/Cyo Dr Jocelyn A McDonald 
12 krn27-7-B/TM6 Dr Jocelyn A McDonald 
13 stet1A3/TM3 This study 
14 UASp-skrn(#3) This study 
15 UASp-skrn(#4)/Cyo This study 
16 bamP-stet This study 
17 med201B1 This study 
18 egfrRNAi NIG, Japan 
19 UASp-gfp/Cyo Dr Pernile Roth 
20 
UASp-sgrk Christian Ghiglione, 
Norbert Perrimon 
21 
UASp-sspi Christian Ghiglione, 
Norbert Perrimon 
22 
UASp-stet/FM6 Christian Ghiglione, 
Norbert Perrimon 
23 grk2B6/Cyo Dr Pernile Roth 
24 P{EP}poe737 Szeged (P{EP}poe737) 
25 bamP-gfp /TM6 Dr Toshi Kai 
26 C587-gal4 Dr Toshi Kai 
27 dad-lacZ/TM6 Dr Tetsuya Tabata 
28 dpphr56/Cyo Dr Ting Xie 
29 dallyRNAi/TM6 VDRC, Austria 
30 dlpRNAi VDRC, Austria 
31 ras85D
RNAi VDRC, Austria 
32 mek
RNAi VDRC, Austria 
33 phl
RNAi VDRC, Austria 
34 pnt
RNAi VDRC, Austria 
35 dallyP2/TM3 Dr Xinhua Lin 
36 dlp2/TM6 Dr Xinhua Lin 
 
All strains and crosses were maintained at 25°C and aged 28°C for analyzed flies 
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(unless mentioned elsewhere). Information about stocks used in this study was 
described in the text or in FlyBase.  
 
2.5.2 Mutagenesis through P-element Mediated Imprecise Excision 
P-element lines, BL#17375; P{EP}poe737, were used to generate stet and med20 
deletion lines, respectively. And the line of CyO / Sp; Sb, Δ2-3 / TM6, Ubx was used 
for a transposase donor. P-element mutagenesis was conducted according to the 
standard protocols (Hummel and Klambt, 2008). 
 
2.5.3 Homozygous Recombination 
When two genetic loci on the same chromosome from different lines are needed to 
combine together, homozygous chromosome recombination will be used to generate 
recombined lines. Firstly parent flies, each carrying one genetic locus, were crossed 
(The two genetic loci now in one cell). Secondly, virgin female progenies in next 
generation with these two loci were collected (Recombination occurs in this step). 
Thirdly, the virgin flies were crossed corresponding balancer flies and in the next 
generation, male flies with single balancer chromosome were collected (Possible 
recombination events are formed into individual male or female flies). Fourthly, the 
individual male flies were re-crossed with the corresponding balancer flies to 
establish individual lines (Possible individual recombination lines in male flies are 
established). Finally, proper examination methods, such as single fly PCR, were used 
to screen for desired recombination lines.  
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2.5.4 Drosophila Line Making through Chromosome Segregation 
If two genetic loci are located in different chromosomes, chromosome segregation can 
be used to put the two loci in one line. Firstly, each locus was crossed with double 
balancer flies on proper chromosomes. Secondly, according to chromosome 
segregation, both virgin female flies and male flies in the next generation carrying 
different double balancer chromosomes were collected and crossed. Thirdly, in the 
next generation, sibling cross with desired double balancer chromosomes was 
sibling-crossed to establish a stable line.  
 
2.5.5 Germ Line Clone 
2.5.5.1 Germline Clone Generation: 
To examine for examination of stet germline function and analysis of effect of stet on 
dad-lacZ expression, hs-flps; Ubi-gfp FRT79DF female flies were crossed with male 
flies of stet1A3 FRT79DF/TM6 and stet1A3 FRT79DF dad-lacZ/TM6, respectively.   
 
To examine single and double germline mutants of EGFR ligands, hs-flps; Ubi-gfp 
FRT40A female flies were crossed with male flies of grk2B6 FRT40A/Cyo (from 
Pernile Roth), grkHF spi2A14 FRT40A/Cyo, respectively. And to investigate triple 
mutant of EGFR ligands in germ cells, hs-flps; Ubi-gfp FRT40A; krn27-7-B/Cyo; TM6 
female flies were crossed with male flies of grkHF spi2A14 FRT40A/Cyo; 
krn27-7-B/TM6. 
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To investigate germline mutant clone of starIIN, hs-flps; Ubi-gfp FRT40A female flies 
was crossed with starIIN FRT40A male flies.  
 
To examine med20 function in germ cells, hs-flps; Ubi-gfp FRT40A female flies was 
crossed with med201B1 FRT40A/Cyo male flies.  
 
Corresponding progeny larvae or adult flies were heat-shocked four times within 
consecutively two days with 8 –12 hours interval. And time of each heat shock was 1 
hour at 37°C. Generally after seven days, ovaries in flies without any markers were 
dissected for immunostaining.  
 
2.5.5.2 IGS Cell Clone Generation: 
To confirm med20 function in IGS cells, med20 null allele mutant med201B1 was used 
to generate IGS cell mutant clone through the C587-gal4 driver. C587-ga4 UAS-flps; 
Ubi-gfp FRT40A female flies were crossed with med201B1 FRT40A/Cyo male flies. 
 
2.5.6 Germ Line Transformation 
Coding region for the secret form of krn (Urban et al., 2002) was cloned into pEntry 
vector (Invitrogen), and then swapped into the destination vector pPWM (Invitrogen) 
to obtain the pUASp-skrn-cmyc construct. Fly of y1 w1118 were used as the host for 
P-element mediated transformation. Microinjections were conducted according to 
description by Rubin and Spradling (Rubin and Spradling, 1982). Among transgenic 
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fly stocks, UASp-skrn-cmyc(#4)/Cyo and UASp-skrn-cmyc(#3)/TM6 were used in this 
study. The overexpression lines of stet, bamP-stet (#21)/Cyo and vasaP-stet were 








Chapter III  Results (Part I) 
EGFR signaling Restricts Germline Stem Cell Niche Activity in 
Drosophila Ovary 
 
3.1 Involvement of Stet in EGFR Signaling in Drosophila Germaria 
3.1.1 Introduction 
It has been known that EGFR signaling plays pivotal roles during Drosophila 
gametogenesis. Defective activity of either raf or egfr in somatic cells of Drosophila 
testis gives rise to accumulation of early germ cells, including GSCs, (Kiger et al., 
2000; Tran et al., 2000), suggesting that the EGFR signaling is required for proper 
differentiation of early germ cells during spermatogenesis. However, in Drosophila 
ovary, germaria with these mutants do not exhibit similar phenotypes (Schulz et al., 
2002).  
 
Both Rho and Stet can cleave Krn, Grk, and Spi precursors in vitro (Urban et al., 
2002), and also can activate membrane-tethered Grk and Spi (when ectopically 
expressed) to promote EGFR/MAPK signaling in Drosophila imaginal wing disc 
(Guichard et al., 2000). However, rho function is not required in germ cells during 
Drosophila oogenesis while stet restrictedly functions in germ line cells (Schulz et al., 
2002). Interestingly, accumulation of early germ cells appears in both male testis and 
female ovaries bearing stet mutation (Schulz et al., 2002). However, previous results 
showing that compromised EGFR signaling activity in somatic cells in female ovary 
  52
do not recapitulate phenotype of stet loss-of-function (Schulz et al., 2002). Schulz et 
al hypothesized that the discrepancies in phenotypes between stet and egfr mutants 
could be due to residual function of EGFR in Drosophila ovaries. Thus, it is unclear 
what the relation between Stet and EGFR signaling in Drosophila adult ovary is, and 
how EGFR signaling functions in Drosophila oogenesis also remains unclear.   
 
The literature reviewed above led us to hypothize that EGFR signaling in IGS cells 
might play pivotal roles in promoting ovarian GSC differentiation, and it might be 
triggered by the secreted ligand(s) cleaved by stet in germline cells. Our results 
presented below support our hypothesis.  
 
3.1.2 Results 
3.1.2.1 Functional Requirement of Stet in Germ Cells in Drosophila Germaria 
The P-element insertion line from Bloomington Drosophila Stock Center (BL-17375) 
was used to generate stet mutant via P-element-mediated imprecise excision. Inverse 
PCR and subsequent sequencing confirmed the P-element insertion site in BL-17375. 
After about 300 reverted lines were established and screened using the single fly PCR 
method, one deletion allele, stet1A3 was obtained. This line deletes a genomic fragment 
of round 3,000 base pairs. The deleted fragment included coding regions of stet and 
rob162A (Figure 3.1), which was confirmed by PCR and subsequent sequencing 
results. Molecularly, the genomic region between 1476232 and 1478941 was deleted 
according to Drosophila melanogaster (R5.19) annotated sequencing. The stet1A3 flies 
  53
homozygous were viable and completely sterile.  
 
Antibodies against Vasa and α-Spectrin were used to label germ cells and germ 
cell-specific intracellular organelles (both Spectrosome and fusome), respectively. 
Generally, each wild type germarium contains about five to seven 
Spectrosome-containing cells (average number of spectrosome: 5.3, n=49), while each 
stet1A3 germarium averagely contained about 14 Spectrosome-containing cells 
(average number of spectrosome: 14.1, n=77). Immunostaining results exhibited that 
extra-Spectrosome-containing cells (Arrows in panels C and D, and E in figure 3.2, 
tumor phenotype) were present outside the GSC niche position in stet1A3 homozygous 
germaria. And these cells were germ cells indicated by anti-Vasa antibody staining.   
 
Because Spectrosomes are only present in both GSCs and CBs in wild type 
Drosophila germaria, the phenotype in stet1A3 germaria indicates that Stet plays a 
pivotal role in the differentiation of early germ cells, including GSCs, CBs and 
possible early germ cell cysts. This result is consistent with Schulz et al’s study 
(Schulz et al., 2002). However, there is one difference. It took Schulz et al seven days 
to observe the formation of extra Spectrosome-containing cells in their stet mutants, 
while it took us only two days to observe these phenotypes in stet1A3 allele. This 
suggests that the stet1A3 allele in our study is a strong loss-of-function allele while 
















Figure 3.1  Schematic image of deletion fragment in stet1A3 flies.  
The numbers in red indicate the two deletion end sites in stet1A3 flies; the red line roughly indicates 
the deletion fragment; and the red rectangle denotes the genomic site of the P-element insertion 






phenotypes were observed when stet1A3 allele was in trans-heterozygous over a 
deficiency uncovering stet locus (data not shown). 
 
Because Drosophila germaria consist of two types of cells: germ cells and somatic 
cells, Stet function was investigated in both cells types. The function of Stet in 
germline cells was analyzed via the germline mosaic clone technique, while its 
function in somatic cells was addressed using the RNA interference technique. The 
germline mutant clones were generated via the Flps-FRT system. To do this, so stet1A3 
mutant was recombined with FRT79D locus by genetic recombination. The 
extra-Spectrosome-containing cells outside the GSC niche were also present in the 
germline mutant clone of stet1A3 (Panels in D-F in figure 3.3). Interestingly, stet 
mutant germaria also show a non-cell autonomous defect, when the germarium 
contains one wild type GSC and one stet1A3 GSC, the wild type germ cells in posterior 
germaria also contain spcetrosomes (Arrows in figure 3.3). These results suggest that 
defective Stet function in germ cells is the cause of formation of extra 
Spectrosome-containing cells and it could function in a non-cell autonomous fashion. 
Consistent with this, there were no extra-Spectrosome-containing cells present when 
Stet function was removed in somatic cells via RNA interference (Panels G and H in 
figure 3.3). These results suggest that Stet is required in germ cells to promote 
differentiation of early germ cells. So far we could not exclude the possibility of 
Rob162A function contributing to occurrence of the extra-Spectrosome-containing 
cells. Because rob162A was also deleted in stet1A3 mutant, rescue experiment with  
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Figure 3.2  Requirement of stet function in Drosophila germaria.  
A wild type germarium contains about totally 5-7 Spectrosome containing cells (arrowheads in 
panels A and B showing a confocal image of a representative wild type germarium), while a 
stet1A3 germarium averagely had about 14 Spectrosome-containing cells (arrowhead and arrows in 
panels C and D showing a projectioned confocal image of a stet1A3 germarium). Arrows indicate 
extra Spectrosome-containing cells while arrowheads denote GSCs or CBs in their normal 
position. Panel E shows the statistica data of spectrosomes inside and outside the niche. Mouse 
anti α-spectrin antibody (red), 3A9, and guinea pig anti vasa antibody (green) were used to label 
Spectrosomes and germ cells, respectively. And To-Pro III was used to stain DNA (Blue). Scale 























Figure 3.3  Requirement of stet function in germ line. 
Control germline clone in panels A-C shows normal wild type phenotype, while stet1A3 germline 
clone in panels D-F clearly shows extra Spectrosome-containing cells. Arrows denote wild type 
germ cells carrying extra Spectrosomes. RNA knockdown of stet in IGS cells in panels G and H 
did not cause formation of extra Spectrosome-containing cells. Mouse anti α-spectrin antibody 
(red), 3A9, and rabbit anti GFP antibody (green) were used to label Spectrosomes and wild type 
cells, respectively. And To-Pro III was used to stain DNA (Blue). Scale bar 10 μm. 
 
Control germline clone               stet1A3 germline clone   
stetRNAi 
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restoring only stet in stet1A3 mutant background was conducted to exclude such 
possibility. nanos-gal4 is expressed in germ cells shown in panels A and B in figure 
3.4. As shown in panels E and F figure 3.4, restoration of only stet fully rescued the 
stet1A3 mutant phenotype. In the rescue background, number of extra 
Spectrosome-containing cells was greatly reduced; correspondingly, fusome number 
was increased (shown by arrows in panels E and F in figure 3.4) near the niche. These 
results indicate that Stet is required for early germ cells to undergo proper 
differentiation, whose defect causes formation of extra Spectrosome-containing cells.  
 
3.1.2.2 Requirement of Multiple Membrane-tethered Ligands of EGFR in 
Drosophila Germaria 
As mentioned earlier, the membrane-tethered ligand precursors of EGFR, Gkn, Krn 
and Spi, need cleavage by proteases to form active ligands. Stet can cleave these 
precursors (Grk, Krn and Spi) in vitro to produce the secret active forms (Urban et al., 
2002). Ectopically expressed stet activates Grk and Spi then to promote EGFR/MAPK 
signaling in Drosophila imaginal wing disc (Guichard et al., 2000). Thus it was 
assumed that Stet functioned in germ cells to cleave EGFR ligand precursors to 
produce secreted active ligands. Then, which EGFR ligand(s) are cleaved by Stet in 
germline was (were) investigated. 
 
The ligand mutants of EGFR, including grkHF24, grkB26, spiIIA14, krn27-7-B, were used to 




















Figure 3.4  Rescue of the stet1A3 mutant phenotype by over-expression of stet in germ cells. 
Expression pattern of nonas-gal4 is shown in panels A and B. Mouse anti α-spectrin antibody 
(red), 3A9, and rabbit anti GFP antibody (green) were used to label Spectrosomes and nanos-gal4 
expression pattern, respectively. And To-Pro III was used to stain DNA (Blue). Compared with its 
control in panels C and D, panels E and F clearly show that overexpression of stet driven by 
nanos-gal4 can sufficiently rescue stet1A3 phenotype. Arrowheads denote Spectrosomes whereas 
arrows indicate fusomes. Mouse anti α-spectrin antibody (red), 3A9, and guinea pig anti vasa 
antibody (green) were used to label Spectrosomes and germ cells, respectively. And To-Pro III was 
used to stain DNA (Blue). Scale bar 10 μm. 
nanos-gal4>UASp-GFP 
nanos-gal4 stet1A3/stet1A3            nanos-gal4 stet1A3/stet1A3 UASp-stet   
  60
grk2B6 (Neuman-Silberberg and Schupbach, 1993) are a grk point mutation and null 
allele, respectively (Brown et al., 2007). And spiIIA14 and krn27-7-B are a spi point 
mutation and a krn null allele, respectively. Germaria with germline single mutant of 
grk2B6 did not show the formation of extra Spectrosome-containing cells (Panels in A, 
B and C in figure 3.5). Germaria with germline double mutant germaria of grkHF 
spiIIA14 did not contain extra Spectrosome-containing cells (Panels in G, H and I in 
figure 3.5). Even when one copy of grk and spi was removed from krn homozygous 
background (grkHF spiIIA14/Cyo; krn27-7-B/krn27-7-B germaria) these germaria did not exhibit 
any extra spectrosome-containing cells (Panels in M and N in figure 3.5). However, 
germaria with germline triple mutant for grkHF spiIIA14 and krn27-7-B manifestly 
displayed formation of extra Sspectrosome-containing cells, as shown in panels J, K 
and L in figure 3.5. These results suggest that multiple EGFR membrane-tethered 
ligands are required in germline for early germ cell differentiation. 
 
During maturation of EGFR ligands, the chaperone Star, a trafficking cargo protein, is 
required for the transport of the EGFR ligand precursors from ER to Golgi (Panel 2 in 
figure 1.5). Whether star also functions in germline was investigated using starIIN 
allele (Ruden et al., 1999). As expected, starIIN germline clone germaria also gave rise 
to extra Spectrosome-containing cells (Panels D, E and F in figure 3.5). 
 
Together with previous studies showing that Stet can cleave Krn, Grk, and Spi ligand 
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Figure 3.5  Function analyses of EGFR membrane-tethered ligands in Drosophila germaria.  
GFP negative cells means generated clones. Panels A-C show that no extra 
Spectrosome-containing cells occurred in germline clone of a grk2B6 single mutant germarium. 
Panels D-F show that extra Spectrosome-containing cells formed in germline clone of a starIIN 
germarium. Panels G-I show that no extra Spectrosome-containing cells occurred in germline 
clone of a grkHF spiIIA14 double mutant germarium. Panels J-L show that extra 
Spectrosome-containing cells formed in a grkHF spiIIA14and krn27-7-B triple mutant germarium. 
Panels M and N show that no extra Spectrosome-containing cells occurred in a grkHF spiIIA14/Cyo; 
krn27-7-B/krn27-7-B germarium. Mouse anti α-spectrin antibody (red), 3A9, and rabbit anti GFP 
antibody (green) were used to label Spectrosomes and wild type cells, respectively. And To-Pro III 
was used to stain DNA (Blue). Scale bar 10 μm. 
 
 
grkHF spiIIA14/Cyo; krn27-7-B/krn27-7-B 
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suppress the formation of extra spectrosome-containing cells. Removal of these 
ligands results in the formation of ectopic Spectrosome-containing cells as observed 
in stet1A3 mutant germarium. Together, our data strongly suggest that Stet is involved 
in cleaving the three-ligand precursors to generate their secreted active ligands in vivo. 
To test this idea, mature forms of these ligands were introduced in germ cells of stet1A3 
germaria. Restoration of individual secret ligands in germline partially rescued the 
stet1A3 mutant phenotype (Panels C-H in figure 3.6). These results suggest that Stet 
plays a role in processing EGFR ligand precursors in vivo. All our evidence so far 
suggests that Stet is involved in EGFR signaling in germaria, by acting as an upstream 
component to cleave ligand precursors to generate secreted active ligands.  
 
3.1.2.3 Requirement of Downstream Components of EGFR Signaling in IGS 
Cells 
EGFR signaling is required for germ cell differentiation in Drosophila testis. Since 
EGFR signaling is involved in signal transduction between neighboring cells, we 
hypothesized that EGFR signaling functioned in IGS cells of germaria and defective 
EGFR signaling in IGS cells would give rise to extra Spectrosome-containing cells as 
stet1A3 mutant. To examine this assumption, functions of EGFR and the downstream 
components, including Ras85D (Ras oncogene at 85D), Phl (Raf homologue), Mek 

















Figure 3.6  Rescue phenotypes of stet1A3 germaria by individual EGFR secreted ligands.  
Panels A and B show that extra Spectrosome-containing cells formed in a control nanos-gal4 
stet1A3/stet1A3 germarium. While panel C and D show that number of extra Spectrosome-containing 
cells was reduced in a nanos-gal4 stet1A3/stet1A3 UASp-sgrk germarium, compared with the control; 
panel E and F show that number of extra Spectrosome-containing cells was also reduced in a 
nanos-gal4 stet1A3/stet1A3 UASp-skrn germarium, compared with the control; and panel G and H 
show that number of extra Spectrosome-containing cells was also reduced in a nanos-gal4 
stet1A3/stet1A3 UASp-sspi germarium, compared with the control. Mouse anti α-spectrin antibody 
(red), 3A9, and guinea pig anti vasa antibody (green) were used to label Spectrosomes and germ 
cells, respectively. And To-Pro III was used to stain DNA (Blue). Scale bar 10 μm.  
nanos-gal4 stet1A3/stet1A3           nanos-gal4 stet1A3/stet1A3 UASp-sgrk  
nanos-gal4 stet1A3/stet1A3 UASp-skrn   nanos-gal4 stet1A3/stet1A3 UASp-sspi   
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Previous studies have shown that compromised EGFR function using temperature 
-sensitive alleles does not lead to formation of extra Spectrosome-containing cells 
(Schulz et al., 2002). Therefore, a different strategy was used in my study. I used RNA 
interference technique to knockdown egfr function in IGS cells and found that some 
germaria did contain extra spectrosome-containing cells, albeit at a low frequency. 
When an EGFR mutant allele egfrF24 was combined with egfrRNAi, designated as 
egfrF24+RNAi, most egfrF24+RNAi germaria now contained extra spectrosome-containing 
cells, as shown in panels C and D in figure 3.7. In following experiments, the 
egfrF24+RNAi germaria were used. These results clearly show that EGFR functions in 
IGS cells in Drosophila germaria.  
 
Based on these results above, functions of downstream components of EGFR/MAPK 
signaling were further examined in IGS cells via RNA interference technique. 
Although there were some variations among individual knockdown, extra 
Spectrosome-containing cells were also present in germaria bearing ras85DRNAi, 
phlRNAi, mekRNAi and pntRNAi in IGS cells (Panels E-P in figure 3.7). These results were 
in accordance with our assumption that Stet is involved in EGFR/MAPK signaling.  
 
It has been known that EGFR signaling is required for the survival of intermingle 
cells (IC, the likely precursor of IGS cells) during larval development (Gilboa and 










































Figure 3.7  Requirement of components of EGFR signaling in IGS cells in Drosophila 
germaria and cell death determination in stet1A3 germaria. 
Panels A and B show the phenotype in a wild type germarium. Compared with the wild type 
phenotype, extra Spectrosome-containing cells formed in functional defects of EGFR signaling 
components in ovarian IGS cells by RNA interference (panels C-P). Mouse anti α-spectrin 
antibody (red), 3A9 was used to label Spectrosomes. And To-Pro III was used to stain DNA 
(Blue). 
The cell death staining (green) in stet1A3 germaria in panels S and T had a similar pattern to that 





these germaria were secondary effect to cell death in IGS cells. Thus cell death was 
then examined in stet1A3 germaria using the terminal dUTP nick end labeling (TUNEL) 
technique. Compared with wt, there was no increased cell death detected in stet1A3 
germaria (Panels Q-T in figure 3.7), indicating the formation of extra 
spectrosome-containing cells is not due to cell death of IGS cells. These data clearly 
indicate that EGFR signaling in IGS cells is crucial for differentiation of early germ 
cells and defective EGFR signaling in IGS cells is responsible for the formation of 
extra Spectrosome-containing cells. 
 
In addition to its role in activating MAP kinase pathway, EGFR signaling can also 
directly regulate phospholipase C-gamma (PLC-γ) and indirectly stimulate protein 
kinase B (PKB/Akt) via PI3K (Carpenter and Ji, 1999). Thus, Functions of PLC-γ, 
Akt and PI3K were examined in IGS cells of Drosophila germaria. Functional loss of 
plc-γ did not give rise to formation of extra Spectrosome-containing cells, shown in 
panels A-D in figure 3.8. Defective function in either AKT or PI3K in IGS cells did 
not give rise to formation of extra spectrosome-containing cells (panels E-H in figure 
3.8). These results indicate that these two pathways are not involved in the formation 
of extra Spectrosome-containing cells, as observed in EGFR defective germaria. 
These results further support that Stet functions through EGFR/MAPK signaling.  
 
3.1.2.4 Requirement of Stet in Activation of EGFR/MAPK Signaling in IGS cells 



















Figure 3.8  plc-γ homozygous mutant phenotype, and knockdown phenotypes of pkb/akt and 
pi3k by RNA interference. 
Panels A-D show that no extra Spectrosome-containing cells occurred in either plc-γ 1 or plc-γ 2 
mutant germaria. No extra Spectrosome-containing cells occurred in either aktRNAi or pi3kRNAi 
germaria shown in panels E - H. Mouse anti α-spectrin antibody (red), 3A9, and guinea pig anti 
vasa antibody (green) were used to label Spectrosomes and germ cells, respectively. And To-Pro 




component of EGFR signaling. When EGFR/MAPK signaling is activated, Erk1/2 
will be phosphorylated (pERK1/2). Therefore, pErk1/2 was used to examine 
EGFR/MAPK activation in this study. A high level of pErk1/2 signal was detected in 
IGS cells in wild type germaria, shown in panels A and B in figure 3.9, whereas 
pErk1/2 activity was significantly reduced in stet1A3 germaria, in panels C and D.  
 
In addition, over-expression of phl can partially rescue the formation of extra 
Spectrosome-containing cell phenotype in stet1A3 germaria, compared with the control 
stet1A3 germaria in panels C and D in figure 3.10. Furthermore, over-expression of 
secreted form of krn in germline further boosted pErk1/2 signal in IGS cells (data not 
shown). Together, functional analysis of Stet, EGFR ligands, and the downstream 
components of EGFR/MAPK signaling suggest that Stet in germ cells is involved in 
EGFR/MAPK signaling. Stet cleaves EGFR ligand precursors to generate secreted 
active forms of the ligands. Then the active ligands activate EGFR/MAPK signaling 
in IGS cells to promote early germ cell differentiation. A noticeable phenomenon was 
observed: stet indepdent pErk1/2 activation in dividing cells including GSC, CB and 
cyst, was also observed (data not shown). 
 
3.1.2.5 Requirement of Stet Function in GSCs 
It had been shown that Stet function was required in germ cells in Drosophila 
germaria; however, the exact functional site of Stet still remains unclear, that is, does 















Figure 3.9  Reduced pErk1/2 activity in stet1A3 germaria.  
A high level of pErk1/2 activity was clearly located in IGS cells in wild type germaria shown in 
panels A and B. While pErk1/2 activity was greatly reduced in stet1A3 germaria shown in panels C 
and D. Mouse anti α-spectrin antibody 3A9 (red), and rabbit pErk1/2 antibody (green) were used 
to label Spectrosomes and pErk1/2 activity, respectively. And To-Pro III was used to stain DNA 















Figure 3.10  Rescue of stet1A3 phenotype by over-expression of phl in IGS cells.  
Compared with the control germaria in panels A and B, overexpression of phl partially rescued the 
stet1A3 phenotype shown in panels C and D, indicated by reduced number of Spectrosomes. Mouse 
anti α-spectrin antibody (red), 3A9, was used to label Spectrosomes. And To-Pro III was used to 













Firstly, the germline mosaic clone technique was used. During a GSC division, there 
are two kinds of outcomes of germline mosaic clone generation: either the daughter 
GSC or daughter CB is the resultant clone. No matter which outcome occurs, the 
resultant clone will form a clone lineage. Therefore, if stet starts its funciton in CBs, 
the CB clone lineage of stet1A3 will lead to formation of extra Spectrosome-containg 
cells. It was found that GSC clone lineages gave rise to formation of extra 
Spectrosome-containing cells (Panels D-F in figure 3.11), even only one GSC clone 
lineage, while a CB clone lineage derived from one GSC division did not give rise to 
formation of extra Spectrosome-containing cells (Panels A-C in figure 3.11). These 
results show that stet does not function only in CBs and further suggest it may be also 
required in GSCs.  
 
Secondly, nanos-gal4 is expressed in all germ cells, including GSCs, while bam 
transcripts under its own promoter start expression from CBs. Therefore, we used 
nanos-gal4-driven UASp-stet and bamP-stet to express stet in stet1A3 germaria, 
respectively. Then we examined which one can fully rescue the stet1A3 mutant 
phenotype. When stet over-expression was driven by nanos-gal4 in stet1A3 mutant, the 
number of extra Spectrosome-containing cells was greatly reduced in each germaria. 
And these germaria show a wild type-like phenotype. Figure 3.4 shows that 









































Figure 3.11  Initial functional site of Stet in germ cells. 
Panels A-C show that a CB clone lineage stet1A3, which did not lead to formation of extra 
Spectrosome-containing cells. Panel D-F show that a GSC clone lineage of stet1A3, which caused 
formation of extra Spectrosome-containing cells. Compared with stet1A3 germaria shown in panels 
G and H, stet1A3 germaria bearing over-expression of stet generally contained lesser extra 
Spectrosome-containing cells shown in panels I and J. Panel K shows that statistical data of 
various genetic backgrounds: a wild type germarium contained about 5-6 Spectrosomes, and a 
stet1A3 germarium averagely had 14 Spectrosome, while a nanos-gal4 stet1A3/UASp-stet stet1A3 
germarium contained about 5-6 Spectrosomes, similar to wild type; and a bamp-stet/+; 
stet1A3/stet1A3 germarium averagely had about 5-7.3 Spectrosomes, slightly more than that in wild 






In contrast, bamP-stet over-expression only partially rescued stet1A3 phenotype 
(Panels I and J in figure 3.11). Most of the germaria still contained 
extra-Spectrosome-containing cells, although to a lesser extent compared with 
stet1A3germaria (Panels G and H in figure 3.11). stet expression driven by 
bamP-gal4-driven showed similar partial rescue result. These results further support 
the idea that Stet function in GSCs playing a critical role in restriction the formation 
of ectopic Spectrosome-containing cells.  
  
3.1.3 Discussions 
The stet mutant flies used in Schulz et al’s study carries not only point mutation in stet 
coding region but also additional mutations (Schulz et al., 2002), however, it turns out 
that their mutant is likely a hypomorph. My stet1A3 mutant allele, which deletes most 
of the coding region (all transmembrane domain required for its enzymatic activity) of 
stet, has a more severe phenotype than theirs. Although the rob162A was also deleted 
in stet1A3, the rescue experiment by restoring stet in germline fully rescued mutant 
phenotypes indicates that rho162A function is not required in germ cells. These results 
imply that the phenotype associate with stet1A3 mutant germaria is due to the loss of 
stet function in Drosophila germaira. 
 
In germline mutant clone analysis of EGFR ligands, I examined several types of 
single mutant, double mutants and triple mutants and found that only triple mutants of 
EGFR ligands in germ cells resulted in formation of extra Spectrosome-containing 
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cells. Our results suggest the functional redundancy of EGFR ligands in Drosophila 
germaria. Such ligand redundancy has been reported in Drosophila eye (Brown et al., 
2007). In Drosophila eye, R8 cells with double mutants of spi and krn show irregular 
spacing phenotype, which is indistinguishable from spacing defect in EGFR mutant 
clones. But, we cannot exclude the possibilities of whether double mutants in grk and 
krn or spi and krn are sufficient to lead to formation of extra Spectrosome-containing 
cells.  
 
I also showed that functional defects in components of EGFR/MAPK signaling in IGS 
cells gave rise to formation of extra Spectrosome-containing cells. Additionally, 
activation of pERK1/2 was greatly reduced in stet1A3 germaria; and over-expression of 
phl could partially rescue stet1A3 phenotype. All these data indicate that Stet is 
involved in EGFR/MAPK signaling. Noticeably, some IGS cells show strong pErk1/2 
activity, and the rest exhibits weak signal, indicating a dynamic EGFR/MAPK activity 
in these IGS cells, which may be related to division of germ cells.   
 
It is known that EGFR signaling also directly regulate phospholipase C-gamma 
(PLC-γ) and indirectly stimulate protein kinase B (PKB/Akt) via PI3K (Carpenter and 
Ji, 1999). However, PLC-γ mutants and removal of Akt and PI3K from IGS cells did 
not give rise to formation of extra Spectrosome-containing cells in Drosophila 
germaria. These results indicate the formation of the extra Spectrosome-containing 
cells is not due to functional defects in these molecules and further support that EGFR 
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functions through MAPK pathway in IGS cells. 
 
3.2 Dpp Signaling Activity Affected by EGFR Signaling in Drosophila Germaria 
3.2.1 Introduction 
Since Dpp signaling is activated in GSCs but inactive in CBs, therefore its 
downstream signaling components, such as pMad and daughter-against-Dpp (Dad), 
can be used as markers to distinguish GSCs and CBs. While Bam is a 
differentiation-promoting factor, which is repressed in GSCs but highly expressed in 
CBs and early germ cell cysts. To determine if Spectrosome-containing cells could be 
CBs, bamP-gfp reporter can be used to determine bam transcription. Thus we used 
these two components of Dpp signaling as well as the bam transcription reporter to 




3.2.2.1 Involvement of EGFR/MAPK Signaling in Repression of Dpp Signaling 
ouside the GSC Niche  
Dpp signaling activation phosphorylates Mad to form pMad and subsequently 
stimulates expression of dad. In this study, dad-lacZ, a lacZ insertion in dad locus and 
the antibody against pMad were used for determine Dpp signaling activity. Figure 
3.12 shows that the extra Spectrosome-containing cells were dad-lacZ positive in 
stet1A3 and egfrF24+RNAi germaria. In the meantime, extra Spectrosome-containing cells 
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in germline mutant clone of stet1A3 also exhibited dad-lacZ expression (data not 
shown). These results suggest that the extra-Spectrosome-containing cells are more 
GSC-like. However, there was no obvious up-regulation of pMad signal in the extra 
Spectrosome-containing cells (Panels K and L in figure 3.12), actually lower pMad 
signal was observed in GSCs when compared with that in wild type germaria (Panels 
in I and J).  
 
Furthermore, the extra Spectrosome-containing cells in stet1A3 germaria displayed 
Bam-negative pattern, as shown in panels C and D in figure 3.13, suggesting the 
extra-Spectrosome-containing cells are not CB-like. These suggest that the formation 
of the extra-Spectrosome containing cells is due to up-regulation of Dpp signaling 
activity, but pMad is decreased. Taken together, these observations above showed that 
the extra-Spectrosome-containing cells were more GSC-like than CB-like.  
 
3.2.2.2 Suppression of the Extra Spectrosome-containing Cells by dpphr56 
Because up-regulated activation of Dpp signaling occurred in stet1A3 and egfrF24+RNAi 
germaria, so we examined whether compromised Dpp production would suppress 
phenotypes in stet1A3 and egfrF24+RNAi germaria. Two dpp mutant alleles were used in 
this study: dpphr56 (a strong allele) and dppe90 (a weak allele). Figure 3.14 
demonstrates that the number of extra-Spectrosome-containing cells was greatly 
reduced when one copy of dpphr56 was present in either stet1A3 or egfrF24+RNAi germaria, 
















































C587-gal4; egfrF24/+; dad-lacZ/egfrRNAi 
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Figure 3.12  Elevated Dpp signaling activity in stet1A3 and EGFRF24+RNAi germaria.  
Panels A and B show that dad-lacZ is highly expressed in GSCs in control dad-lacZ stet1A3/+ 
germaria, while panels C and D show that dad-lacZ is also expressed in extra 
Spectrosome-containing cells in dad-lacZ stet1A3/stet1A3 germaria. Panels G and H show that a 
dad-lacZ is also expressed in extra Spectrosome-containing cells in C587-gal4; egfrF24; 
dad-lacZ/egfrRNAi germaria, compared with control C587-gal4; dad-lacZ/+ germaria in panels E 
and F. Mouse anti α-spectrin antibody (red), 3A9, and rabbit anti beta-galactosidase antibody 
(green) were used to label Spectrosomes and dad-lacZ expression cells, respectively. And To-Pro 
III was used to stain DNA (Blue). 
Panels I and J show that pMad activity is highly located in GSCs in wild type germaria, and pMad 
activity is not increased in stet1A3 germaria. Mouse anti α-spectrin antibody (red), 3A9, and rabbit 
anti pMad antibody (green) were used to label Spectrosomes and pMad activity, respectively. And 


























Figure 3.13  Repressed bam expression in the extra Spectrosome-containing cells in stet1A3 
germaria.  
Panels A and B show that bam-gfp started expression in CBs and is highly expressed in early cell 
cysts in control bam-gfp stet1A3/+ germaria. While panels C and D show that bam-gfp expression 
is repressed in the extra Spectrosome-containing cells in bam-gfp stet1A3/stet1A3 germaria. Mouse 
anti α-spectrin antibody (red), 3A9, and rabbit anti GFP antibody (green) were used to label 
Spectrosomes and bam-gfp expression, respectively. And To-Pro III was used to stain DNA (Blue). 
Scale bar 10 μm. 
 
 


















Figure 3.14  Suppression of extra Spectrosome-containing cells by one copy removal of 
Dpp.  
Compared with control germaria shown in panels A, B, E and F, dpphr56 greatly suppressed 
formation of the extra Spectrosome-containing cells in both dpphr56 stet1A3/stet1A3 and C587-gal4; 
egfrF24/dpphr56; egfrRNAi/+ germaria. Mouse anti α-spectrin antibody (red), 3A9, and guinea pig 
anti vasa antibody (green) were used to label Spectrosomes and germ cells, respectively. And 
















not suppress formation of extra Spectrosome-containing cells. These results further 
support that up-regulated Dpp signaling activity causes the formation of the 
extra-Spectrosome-containing cells in EGFR signaling defective germaria. And they 
also support that the EGFR/MAPK signaling played a vital role in suppression of Dpp 
signaling activation in early germ cells. 
 
3.2.2.3 No ectopic Dpp transcripts detected in stet1A3 germaria 
It was shown that the formation of the extra-Spectrosome-containing cells in EGFR 
signaling-defective germaria resulted from an elevated level of Dpp signaling 
activation. And in supporting this result, dpphr56 strongly suppressed the formation of 
extra Spectrosome-containing cells in EGFR signaling defective germaria. There was 
a possibility that the ectopic Dpp signaling activation was directly due to increased 
dpp transcription out of the GSC niche. Therefore, dpp transcription was investigated 
in stet1A3 germaria through RNA in situ hybridyzation. RNA in situ hybridization 
result of dpp transcription showed that there was no increased dpp transcription 
outside the niche in stet1A3 germaria (Panels C and D in figure 3.15), compared with 
the wild type control. In the wild type germaria, dpp transcripts were mainly detected 
in the cap cells, and often in ESCs. In stet1A3 germaria, the dpp transcripts also were 
mainly in the cap cells, but there was no increased dpp transcript outside the niche in 
stet1A3 germaria. These results suggest that the formation of extra 
Spectrosome-containing cells is not due to elevated dpp transcripts out of the GSC 














Figure 3.15  RNA in situ hybridyzation of dpp transcript.  
Panels A and B show dpp transcript was located in the cap cells in wild type germaria (dpp mRNA: 
green; LaminC+α-spectrin: blue). And panels C and D display dpp transcript also was in the cap 
cells in stet1A3 germaria and no ectopic dpp transcript out of the GSC niche (α-spectrin: red; dpp 





3.2.3 Discussions  
EGFR/MAPK signaling plays a critical role in inhibiting Dpp signaling activity 
outside the GSC niche in Drosophila germaria. Defect in EGFR signaling in IGS cells 
caused elevated Dpp signaling activation in extra Spectrosome-containing cells 
outside the niche.   
 
In my study, it was shown that pMad activity in GSCs in stet1A3 germaria was slightly 
lower than that in wild type germaria, while dad-lacZ expression was enhanced in the 
extra Spectrosome-containing cells outside the GSC niche in stet1A3 germaria. And 
dpphr56 sufficiently suppressed the stet1A3 phenotype. All these results suggest an 
increased Dpp signaling activation in stet1A3 germaria. But one question comes out: 
why pMad activity is not increased while dad-lacZ expression domain is expanded in 
stet1A3 germaria? One possible reason is the sensitivity difference between them. The 
former has a lower sensitivity than the latter. Another one is that Dpp is transported 
outside the GSC niche. In addition, it was found that dppe90 couldn’t suppress the 
formation of the extra Spectrosome-containing cells in stet1A3 germaria, compared 
with dpphr56. The possible explanation for this is because dppe90 is a weaker allele than 




3.3 Dally is Repressed by EGFR Signaling in IGS Cells in Drosophila Germaria 
3.3.1 Introduction 
In stet1A3 germaria, the enhanced Dpp signaling activity was not due to ectopic dpp 
transcription shown by RNA in situ hybridization. As discussed earlier, pMad activity 
is not enhanced, but slightly reduced, while dad-lacZ expression domain is expanded 
in stet1A3 germaria. This discrepancy can be explained by that more Dpp might be 
transported/stabilized outside the niche in these mutant germaria. There are two 
known glypican molecules (Dally and Dally-like protein), which play a crucial role in 
Dpp transportation/stability. Dally can form a complex with Dpp to affect Dpp 
transportation/stability in cell surface in Drosophila wing disc (Akiyama et al., 2008; 
Belenkaya et al., 2004; Fujise et al., 2003; Jackson et al., 1997). Another glypican 
protein Dlp is also involved in Dpp transportation (Belenkaya et al., 2004). The roles 
of Dally and Dlp in Dpp transportation/stability were therefore examined in this study.  
 
3.3.2 Results 
3.3.2.1 Requirement of dally Repression in IGS cells in Drosophila Germaria 
Compared with C587-gal4; egfrF24/+; egfrRNAi/+ control germaria, germaria bearing 
C587-gal4; egfrF24/+; egfrRNAi/dallyP2 contained less Spectrosomes and more fusomes 
in most germaria, and this result indicates that elevated dally activity in egfrF24+RNAi 
germaria may be a cause of the formation of these ectopic Spectrosome-containing 
cells and further suggest that in wt, dally repression may be required for 
differentiation of early germ cells (Panels in C and D in figure 3.16). In contrast, 
  88
surprisingly, the number of extra Spectrosome-containing cells is slightly increased in 
C587-gal4; egfrF24/+; egfrRNAi/dlp2 germaria, compared with the C587-gal4; egfrF24/+; 
egfrRNAi/+ control germaria. These results indicate that Dally, not Dlp, is the potential 
target of EGFR signaling in Drosophila germaria.  
 
In the meantime, dally repression in IGS cells was further examined using the RNA 
interference technique. Compared with that in stet1A3 control germaria, the number of 
extra-Spectrosome-containing cells were remarkably reduced in stet1A3 germaria 
bearing dally knockdown in IGS cells (Panels in I and J in figure 3.16). This 
suppression result further suggests that ectopic dally activity in stet1A3 germaria is 
responsible for the formation of these ectopic Spectrosome-containing cells, while dlp 
knockdown in IGS cells did not suppress formation of extra Spectrosome-containing 
cells in stet1A3 germaria.  
 
To further explore other possible mechanisms, the Q-PCR method was used to further 
determine dally and dlp transcription in IGS cells. Since C587-gal4 expresses in IGS 
cells, its combination with UAS-gfp was employed as a cell-sorting marker to obtain 
cell population of IGS cells. Gemaria with the following genotypes: (1) C587-gal4/+; 
UAS-gfp/+, (2) C587-gal4/+; UAS-gfp/+; stet1A3/stet1A3, and (3) C587-gal4/+; 
UAS-gfp/egfrF24; egfrRNAi/+, were treated with enzyme digestion and then dissociated 


















Figure 3.16  Requirement of Dally repression by EGFR signaling in IGS cells shown by 
genetic data.  
Compared with control germaria shown in panels A and B, dallyP2 sufficiently repressed formation 
of extra Spectrosome-containing cells in C587-gal4; egfrF24/+; egfrRNAi/dallyP2 germaria in panels 
in C and D; while dlpPL00308 could not repress the phenotype in C587-gal4; egfrF24/+; 
egfrRNAi/dlpPL00308.germaria in panels E and F. Compared with control germaria in panels G and H, 
consistently, dallyRNAi in panels I and J, but not dlpRNAi in panels K and L, greatly reduced 











































Figure 3.17  Requirement of Dally repression by EGFR signaling in IGS cells shown by 
molecular data. 
Compared to wild type control, dally mRNA level was increased more than four-fold in 
C587-gal4/+; UAS-gfp/+; stet1A3/stet1A3 germaria, consistently, it also was increased about 
three-fold in C587-gal4/+; UAS-gfp/egfrF24; egfrRNAi/+ germaria; whereas dlp mRNA was reduced 
in both C587-gal4/+; UAS-gfp/+; stet1A3/stet1A3 and C587-gal4/+; UAS-gfp/egfrF24; egfrRNAi/+ 
germaria; dpp mRNA was also reduced in both C587-gal4/+; UAS-gfp/+; stet1A3/stet1A3 and 
C587-gal4/+; UAS-gfp/egfrF24; egfrRNAi/+ germaria.    
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was extracted from sorted IGS cells. As shown in panel D in figure 3.17, Q-PCR 
results showed that dally expression was increased more than 3-fold in IGS cell 
sample of stet1A3 and egfrF24+RNAi germaria; while dlp mRNA was decreased in IGS 
cells of stet1A3 and egfrF24+RNAi germaria. These results further support that dally 
expression is repressed by EGFR signaling in IGS in wild type germaria.   
 
In addition, dpp mRNA was also examined in these sorted IGS cell samples. 
Interestingly, dpp mRNA level was reduced in IGS cells in stet1A3 and egfrF24+RNAi 
germaria (Panel D in figure 3.17). Thess results further support that the formation of 
the extra Spectrosome-containing cells is not due to increased level of dpp production 
outside the GSC niche. 
 
3.3.2.2 Involvement of Dally in Dpp Signaling Activation 
Our study results demonstrate that Dally is a potential target repressed by 
EGFR/MAPK signaling in IGS cells of Drosophila germaria. Thus over-expression of 
dally in IGS cells was examined. As expected, extra Spectrosome-containing cells 
appeared when dally was over-expressed in IGS cells in Drosophila germaria (Panels 
in E and F in figure 3.18), this result supports that dally over-expression is involved in 
the formation of the extra Spectrosome-containing cells.  
 
It has been shown that Dally is involved in distribution and activation of Dpp 
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Figure 3.18  Involvement of Dally in Dpp signaling activation.  
Compared with wild type control germaria in panels A and B, over-expression of dally gave rise to 
extra Spectrosome-containing cells shown in panels E and F, which was similar to the phenotype 
in stet
1A3
 germaria in panels C and D. Compared with those in wild type control and stet
1A3
 
germaria in panels G-J, O and P, over-expression of dally in panels K and L also gave rise to 
dad-lacZ expression in extra Spectrosome-containing cells. When dally was knockdown by RNAi, 






hypothesized that elevated dally expression led to ectopic Dpp signaling activation 
outside the niche which in turn gave rise to the formation of the extra 
Spectrosome-containing cells. Consistent with a role of Dally in Dpp 
transport/stability, it was found that dad-lacZ expression domain was expanded in the 
extra spectrosome-containing cells in Drosophila germaria bearing dally 
over-expression (Panels K and L in figure 3.18). As expected, pMad staining in GSCs 
became weaker than that in wild type (data unshown). Consistently, dad-lacZ 
expression domain was reduced in dallyRNAi germaria (Panels M and N in figure 3.18), 
compared with wild type germaria. In addition, dallyRNAi also repressed dad-lacZ 
expression in C587-gal4/+; dad-lacZ stet1A3/stet1A3 dallyRNAi (Panels Q and R in figure 
3.18), compared with C587-gal4/+; dad-lacZ stet1A3/stet1A3 control.  
 
3.3.2.3 Occurrence of Dally Repression before Dpp Signaling Activation 
Our results suggest that EGFR/MAPK signaling activation represses Dally expression 
in IGS cells to inhibit Dpp transportation/stability outside the niche therefore to allow 
spatial Dpp reception mostly in GSCs. Thus the repression of dally expression by 
EGFR signaling should occur before Dpp reception.  
 
To further sustain our hypothese that EGFR signaling-meditaed restriction of DPP 
activity is mediated by the suppression of dally expression, we address whether 
ectopic EGFR signal activation in IGSC could repress the activated Dpp signaling 



















Figure 3.19  Occurrence of Dally repression before Dpp signaling activation 
Panels A and B shows wild type control. Panels C and D shows that skrn ever-expression 
promoted differentiation of germ cells. Panel E and F shows that tkvCA over-expression gave rise 
to extra Spectrosome-containing cells. Panel G and H denotes that simultaneous skrn and tkvCA 
over-expression germaria still contained extra Spectrosome-containing cells. Scale bar 10 μm. 
 
nanos-gal4/+ UASp-skrn/+; nanos-gal4/+ 
UASp-tkvCA/nanos-gal4 UASp-skrn/+;UASp-tkvCA/nanos-gal4 
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mimicked by ectopic expression of a constitutively active form of tkv (tkvCA) in 
germline (Casanueva and Ferguson, 2004). As shown in panels G and H in figure 3.19, 
over-expression of secret krn did not affect tkvCA phenotype, indicating that 
EGFR/MAPK-mediated dally repression likely occurs before Dpp reception.  
 
3.3.3 Discussions 
dally mutant and knockdown suppressed formation of extra Spectrosome-containing 
cells in EGFR signaling defective germaria, suggesting that its EGFR-MAPK 
signaling-mediated modulation is required for germ cell differentiation. Q-PCR 
results showed that dally expression was up-regulated in sorted IGS cell samples from 
EGFR signaling defective germaria, further supporting this idea at molecular level.  
 
Knockdown of dally in IGS cells gave rise to slightly reduced number of 
Spectrosome-containing cells in wild type germaria, indicating that it functions in IGS 
cells. RNA in situ hybridyzation of dally showed that dally is highly expressed in cap 
cells, and at a lower level in IGS cells, in wild type germaria (data not shown). These 
results support that dally expression is repressed in IGS cells. Moreover, knockdown 
of dally in IGS cells resulted in reduced dad-lacZ expression domain, whereas 
over-expression of dally in IGS cells increased dad-lacZ expression domain. Taken 
together, I propose that dally expression in cap cells is involved in Dpp 
transportation/stability and its downregulation in IGS cells is implicated in restricting 
Dpp transportation/stability outside the niche to promote CB differentiation.    
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Thus in wild type germaria, Stet functions in early germ cells, including GSCs and 
CBs, to cleave EGFR ligand precursors to form active ligands; then the active ligands 
bind to EGFR in IGS cells to activate EGFR/MAPK signaling; and the EGFR/MAPK 
signaling activation suppress dally expression in IGS cells to restrict Dpp function 
within GSCs.  
 
3.4 Conclusions 
From experimental results obtained in this study, I would like to draw following 
conclusions: i) Stet is expressed in early germ cells to activate EGFR/MAPK 
signaling in IGS cells; ii) EGFR/MAPK signaling modulates Dally expression to 
restrict Dpp transportation/stability in IGS cells; iii) early germ cells, especially GSCs, 
contribute to restrict GSC niche activity. 
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Chapter IV  Results (Project II) 
 
Somatic Control of Med20 on Early Germ Cells in 
Drosophila Germaria 
 
4.1 Requirement of med20 Function in Drosophila Germaria 
4.1.1 Introduction 
It is believed that IGS cells play key roles for GSCs maintenance versus 
differentiation. IGS cells should exert their functions on germ cells through various 
signals. To explore for potential genes in IGS cells that signal from IGS cells to germ 
cell, a screening was conducted via RNAi and UAS/Gal4 techniques. RNAi triggers 
translational repression of an mRNA of interest. Combination of RNAi with 
UAS/Gal4 system allows manipulating gene expression in a temporal and spatial 
manner. Since C587-Gal4 is highly expressed in IGS cells in Drosophila germaria, it 
was chosen as the driver to conduct the screening experiment. Change in Spectrosome 
number is set as the screening criteria.  
 
4.1.2 Results  
4.1.2.1 Requirement of med20 for Germ Cell Differentiation in IGS Cells 
Through the screeningof 300 RNAi lines, several potential genes were identified, 
which are required in IGS cells to control early germ cell development. I would like to 
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focus my following work on Med20. Germaria in which Med20 function is 
compromised in IGS cells (referred as med20RNAi germaria) exhibited ectopic 
Spectrosome-containing cells. Each wild type germarium contains about 5-6 
spectrosome-containing cells, while a med20RNAi germarium contains increased 
number of spectrosome-containing cells (figure 4.1), indicating that the crucial 
function of Med20 in Drosophila IGS cells is required for early germ cell 
differentiation.   
 
To further confirm Med20 function in IGS cells, med20 null mutant, med201B1, was 
generated via P-element mediated imprecise excision. The deletion fragment (from 
8071609 to 8073127 according to Drosophila melanogaster (R5.19) annotated 
sequencing) was confirmed by DNA sequencing (Figure 4.1). The med201B1 was used 
for generation of IGS mutant clone via the FLPs-FRT system to further determine and 
confirm med20 function in IGS cells. Figure 4.1 shows extra Spectrosome-containing 
cells were present in germaria bearing med201B1 somatic clones, supporting crucial 
function of Med20 in IGS cells, in panels F and G. In addition, med201B1 germline 
clones also exhibited a defect in germ cell differentiation (Panels H and I in figure 
4.1), which is distinct from that in med201B1 IGS clone. These results indicate that 
med20 has distinct roles in IGS cells and germ cells, but med20 function in IGS cells 




Although extra spectrosome-containing cells were observed in both IGS clone of 
med201B1 and med20RNAi germaria, there was a difference between these two 



















med201B1 IGS cell clone med201B1 germline clone 
C587-gal4; UAS-gfp/+       C587-gal4; UAS-gfp/UAS-med20RNAi 
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Figure 4.1  Functional analysis of med20 in Drosophila germaria. 
Compared with wild type germaria in panels A and B, C587-gal4/+; UAS-gfp/med20RNAi germaria 
demonstrated extra Spectrosome-containing cells shown in panels C and D. Panel E shows the 
deletion fragment of DNA in cytological map of med201B1. Panels F and G show extra 
Spectrosome-containing cells in med201B1 IGS cell clone. And panels H and I show med201B1 
germline clone phenotype. Scale bar 10 μm. 
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phenotype than med20RNAi germaria. This may be due to defects in poe and trf, whose 
promoter regions were possibly affected in med201B1, or residual function of Med20 
in med20RNAi or both above. Noticeablely, general GFP expression level in germ cells 
was very weak in med201B1 IGS clone germaria, indicating that function of Med20 in 
IGS cells may influence protein expression or stability in germ cells.   
 
4.2 Cell identity of Extra Spectrosome-Containing Cells in med20RNAi Germaria 
4.2.1 Introduction 
As mentioned earlier, Dpp signaling is activated in GSCs but not in CBs, therefore its 
downstream signaling components, such as, pMad and Dad, can be used as markers to 
distinguish GSCs and CBs. In this study, dad-lacZ, a lacZ insertion in dad locus and 
antibody against pMad were used for detecting Dpp signaling activation. bam is 
repressed in GSCs and highly expressed in CBs and early germ cell cysts. The 
bamp-gfp reporter, gfp under bam promoter, can be used to detect bam transcription. 
Thus, dad-lacZ, pMad antibody and bamP-gfp were used to determine cell identity of 
extra Spectrosome-containing cells in med20RNAi germaria. 
 
4.2.2 Results: Transient State of the Extra Spectrosome-containing Cells in 
med20RNAi Germaria   
In this study, dad-lacZ and antibody against pMad were used for detecting Dpp 
signaling activation. Both dad-lacZ and pMad expression were not detected in those 
ectopic Spectrosome-containing cells in med20RNAi germarium, compared with those 
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in wild type germaria (Panels C and D in figure 4.2). These observations suggest that 
these extra Spectrosome-containing cells are not GSC-like. Interestingly, the extra 
Spectrosome-containing cells expressed low signal of bamP-gfp, indicating that they 
are CB-like (Panels G and H in figure 4.2). Taken together, the results suggest that the 
extra Spectrosome-containing cells in med20RNAi germaria are CB-like, which is 
similar to the state of bam transcription in bamΔ86 mutant. Such a similar state has 
been described as a pre-CB state in a study (Narbonne-Reveau et al., 2006; Tazuke et 
al., 2002).  
 
Phosphorylation at serine 10 of histone 3 (PH3) is associated with DNA synthesis 
during mitosis (Gurley et al., 1978). Thus, PH3 antibody was used to examine 
whether the extra Spectrosome-containing cells are derived from proliferation of 
GSCs or CBs in med20RNAi germaria. The PH3+ rate of Spectrosome-containing cells 
within the GSC niche per germarium in med20RNAi germaria was similar to that in 
wild type germaria. However, the PH3+ rate of Spectrosome-containing cells outside 
the GSC niche per germarium was greatly higher than that in wild type germaria 
(Panel I in figure 4.2). These results suggest that in contrast to wild type, these extra 
Spectorosome-containing cells continue to proliferate.   
 
4.3 Defective Cytoplasmic Extension in IGS cells in med20RNAi Germaria 
In wild type germaria, IGS cells extend their cytoplasm to surround germ cells, 
























C587-gal4; dad-lacZ/+            C587-gal4; UAS-med20RNAi/+; dad-lacZ/+    
C587-gal4; bam-gfp/+            C587-gal4; UAS-med20RNAi/+; bam-gfp/+     
  105
Figure 4.2  Cell identity of extra Spectrosome-containing cells in med20RNAi germaria. 
Compared to wild type germaria shown in panels A and B, dad-lacZ expression was not increased 
in extra Spectrosome-containing cells in med20RNAi germaria shown in panels C and D. And 
compared with wild type germaria shown in panels E and F, low bamp-gfp expression was in 
med20RNAi germaria shown in panels G and H. Panel I shows part of extra Spectrosome-containing 
cells outside the GSC niche in med20RNAi germaria came from cell proliferation, compared with 




differentiation. The cytoplasmic extension can be visualized by using C587-gal4 
driven UAS-gfp or the fax-gfp reporter (failed axon connection, fax). The IGS cells 
showed defective cytoplasmic extension in med20RNAi germarium (figure 4.1), 
compared with that in wild type germaria. That is, cytoplasm of IGS cells did not 
surround germ cells any more. Similar phenotypes were observed when fax-gfp 
reporter was used (data unshown). These suggest that target genes of Med20 might be 
involved in the formation of cytoplasmic extension.  
 
4.4 Requirement of specific Components of Mediator Complex in IGS cells 
The mediator complex contains more than 20 components. It has been shown that 
some components play positive roles in transcription regulation while some exert 
negative roles. Hence, function of components of the mediator complex with available 
RNA interference lines was examined in germarial IGS cells. Figure 4.3 shows that 
germaria with med19RNAi and med27RNAi in IGS cells also gave rise to extra 
Spectrsome-containing cells. Table 4.1 summarizes the knocking-down phenotypes of 
these components in IGS cells of Drosophila germaria. These results suggest that 
requirement of the mediator complex components has a tissue-specific manner in IGS 
cells.  
 
4.5 Microarray Profiling of med20RNAi IGS Cells 
4.5.1 Introduction 


















Figure 4.3  Phenotypes of med19RNAi and med27RNAi germaria. 
Compared with wild type germaria shown in panels A-C, extra Spectrosome-containing cells 
appeared in med19RNAi and med27RNAi germaria, shown in panels D-F, and G-I, respectively. 









Table 4.1  Component phenotypes of the mediator complex examined in Drosophila germaria. 
Extra Spectrosome-containing cells Other differentiation defects No phenotype 
med19RNAi med10RNAi memd9RNAi 
med20RNAi med12RNAi med16RNAi 
med27RNAi med24RNAi  
 med25RNAi  












have a distinct expression profiling regulated by Med20. To further elucidate Med20 
function and explore potential target genes of Med20 in IGS cells, the microarray 
technique was used. IGS cells were driven to expression GFP by C587-Gal4. GFP+ 
live cells were freed by enzyme digestion. Then IGS cells were sorted from wild type 
and med20RNAi germaria using FACS. Then total RNA was extracted from these two 
samples. Because total RNA amount was not sufficient for microarray experiments, 
amplification of mRNA was conducted to obtain amplified mRNA (aRNA). The 
aRNA was used for microarray experiments.   
 
After the microarray experiments were conducted, microarray raw data were analyzed 
for expression profile difference between wild type and med20RNAi IGS cell samples. 
Some potential molecules from microarray results were further confirmed by Q-PCR. 
Finally, validation of potential target genes of Med20 would be clarified by 
subsequent functional analysis.  
 
4.5.2 Results 
After digestion of germaria by enzymes, freed IGS cells were sorted by FACS. Figure 
4.4 shows sorting profiling and sorted IGS cells under confocal microscopy.  
 
4.6 Potential genes Regulated by Med20 
4.6.1 Introduction 

















Figure 4.4  Sorting scope during FACS and sorted IGS cells. 
Panel A shows the sorting setting using freed cells from wild type germaria. Panel B shows the 
sorting profiling for single IGS cells. The green dots represents sorted IGS cells in R1 region in 
panel B. Panel C shows a confocal image of sorted cells.   
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med20RNAi microarray data were confirmed by Q-PCR. First, if the transcriptional 
level of one gene is decreased in the microarray results of med20RNAi IGS cells, then 
function of this gene would be examined by RNAi-mediated knockdown in vivo. 
Second, if the transcriptional level of one gene is increased in the microarray results, 
overexpression of the gene would be conducted to confirm its function in vivo.  
 
4.6.2 Results 
From the microarray experiment data, 206 genes were up-regulated by two-fold or 
more while 246 genes were down-regulated by two-fold or more. To determine 
knockdown efficiency in med20RNAi IGS cells, Q-PCR was conducted to analyse 
med20 mRNA level. Figure 4.5A clearly shows that there was more than 80% 
reduction in med20 mRNA in the med20RNAi IGS cell sample, compared with that in 
the wild type sample. In the meantime, Q-PCR was also used to confirm mRNA levels 
of potential genes affected in med20RNAi IGS cells. Figure 4.5B shows Q-PCR results 
of potential genes up-regulated in the microarray experiments whereas 4.5C Q-PCR 
shows results of genes down-regulated. The majority of Q-PCR results were in 
accordance with microarray results although there were some variations.  
 
When knocked-down in IGS cells, germaria with three candidates including daughter 
of sevenless (dos), CG8032 and CG12340 exhibited ectopic Spectrosome-containing 




In this study, I found that Med20 is required for CB-like cell differentiation; and 






















Figure 4.5  Q-PCR results of genes. 
Panel A shows that med20 mRNA level was greatly reduce in med20RNAi IGS cells, compared with 
wild type IGS cells. Panel B shows that mRNA levels of several genes were greatly up-regulted in 
both microarray and Q-PCR results in med20RNAi IGS cells; while panel C shows that mRNA 





















Figure 4.6  Phenotypes of dosRNAi, cg8032RNAi and cg12340RNAi. 
Compared with wild type germaria shown in panels in A and B, extra Spectrosome-containing 
cells appeared in dosRNAi, cg8032RNAi and cg12340RNAi germaria, shown in panels C, D, E, F, and G, 
H, respectively. Scale bar 10 μm. 
wt                                C587-gal4; UAS-dosRNAi /+ 
C587-gal4; UAS-cg8032RNAi /+        C587-gal4; UAS-cg12340RNAi /+ 
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Chapter V  Discussions 
Studies in this thesis have demonstrated intriguing interactions between early germ 
cells and IGS cells: i) the GSC lineage, including GSCs, contribute to restriction of 
the GSC niche activity through EGFR/MAPK signaling, and this restriction is 
mediated by modulation of dally expression. The data reveal that the reciprocal 
cross-talk between the GSC lineage and somatic cells acts to define the spatial limits 
of DPP action and therefore the extent of the GSC niche. ii) and IGS cells play 
important roles in differentiation of early germ cells as indicated by transcription 
regulation of Med20.  
 
Thus, the GSC niche mainly maintains the stem cells, which are shown by prior 
studies; GSC lineage shown in this study play crucial roles to modulate the ability of 
maintenance to guarantee proper differentiation of early germ cells; and IGS cells 
affect early germ cells, especially CB-like cell differentiation, through regulation of 
med20 at a subsequent stage (in this thesis study). My thesis data show that various 
molecules, functioning in sequential order, intriguingly regulate the stem cell 
behaviors to keep homeostasis. It would be interesting to see such mechanism in other 
stem cell systems.  
 
Cytoplasmic Extenstion Defect 
In wild type germaria, IGS cells extend their cytoplasm to surround germ cells 
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including GSCs, CBs, and cysts (called cytoplasmic extension), which is important 
for germline development. Homeostasis between GSC self-renewal versus 
differentiation is very important for normal cytoplasmic extension. Interestingly, the 
cytoplasmic extension was defective in all germaria bearing extra 
Spectrosome-containing cells, compared with wild type germaria. Such cytoplasmic 
extension defect probably is due to cell over-proliferation of early germ cells, which 
disrupts homeostasis between GSC self-renewal vs differentiation. Extra 
Spectrosome-containing cells in EGFR/MAPK signaling defective germaria resulted 
from ectopic Dpp signaling activation. The ectopic Dpp signaling activation gives rise 
to extra Spectrosome-containing cells, which may be due to over-proliferation of 
GSC-like cells (Song et al., 2004). However, extra Spectrosome-containing cells 
could also result from CB-like cell proliferation in med20 knockdown (Figure 4.2I). 
Such over-proliferation of early germ cells caused germ cell overgrowth over 
cytoplamic extentsion of IGS cells, which ultimately could disrupt the coordination 
between early germ cells and IGS cells.  
 
Possible involvement of Dos in EGFR signaling 
Both EGFR/MAPK signaling and med20 functional defect in IGS cells gave rise to 
extra Spectrosome-containing cells in germaria, but the cell identity of the extra 
Spectrosome-containing cells were different. In EGFR/MAPK signaling defective 
germaria, the Spectrosome-containing cells were GSC-like, whereas those in 
med20RNAi germaria were in a transient state between GSCs and CBs. Additionally, 
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pERK1/2 activity in med20RNAi germaria was similar to that in wild type germaria 
(data not shown). dos transcription was downregulated in med20RNAi IGS cells. Dos 
can interact with Drk through its SH3 domain to exert its function in Sevenless and 
EGFR signalings (Feller et al., 2002). Whether Dos is involved in EGFR signaling in 
IGS cells is currently under investigation.  
 
Part I: EGFR Signaling Restricts Germline Stem Cell Niche Activity in 
Drosophila 
This study has established the following sequence of events: 1) membrane-tethered 
EGFR ligand precursors are produced in germ cells, and Stet in germ cells likely 
cleave these precursors to form secreted active ligands; 2) the active ligands associate 
with EGFR in IGS cell surface to activate EGFR/MAPK signaling; 3) then the 
activated EGFR/MAPK signaling modulates dally expression in IGS cells; 4) IGS 
cells with low dally expression could not support a long range of Dpp 
transportation/stability, and consequently, CBs outside the GSC niche receive low/no 
DPP signal (niche activity) and undergo differentiation. Thus Dpp function domain is 
confined within the GSC niche. In conclusion, our results indicate that EGFR 
signaling plays a pivotal role in restricting the GSC niche activity through limiting 
Dally expression; GSCs also contribute to restrict the GSC niche activity.  
 
Involvement of Dally in other Morphogens 
Our study results have demonstrated that repression of Dally in IGS cells is required 
for restriction of Dpp transportation/stability. Because Dally is involved in several 
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morphogen distribution and subsequent signaling activation, whether repression of 
Dally is also required for restriction of other morphogen fuctions remains unclear in 
Drosophila germaria.  
 
Function of Stet in other Types of Cells 
In EGFR signaling defective germaria, stet1A3 mutant gave rise to the most severe 
phenotype. Extra Spectrosome-containg cell phenotype is observed in stet1A3 germaria 
within two days, which facilitates our study on it. In addition, stet1A3 females died 
faster after eclosion, compared with both the male and wild type control. Because 
mutations only in the ovary are not associated with lethality, thus this may be due to 
its key requirement in other tissues. Additionally, knockdown of stet function in IGS 
cells gave rise to some defects in germ cell development. However, the mechanism of 
stet function in IGS cells needs further investigation.  
 
stet Function in Larva Stage 
Although there were no extra Spectrosome-containing cells just after eclosion, the 
possibility that Stet functions in larva stage cannot be excluded. Stet is the only 
known Rhomboid protein expressed in Drosophila ovaries and one study has already 
shown that primordial germ cells express Spi to activate EGFR signaling for survival 
of the intermingled cells in Drosophila gonad. In turn, the intermingle cells inhibit 
proliferation of the primordial germ cells (Gilboa and Lehmann, 2006). Thus, whether 




It has been demonstrated that Stet in germ cells plays a role in restricting Dpp 
transportation/stability within the GSC niche. This result dissects that early germ cells 
maintain homeostasis via restricting the GSC niche activity. This study brings out an 
interesting question: how is stet expression regulated in early germ cells? 
Identification of the molecules regulating stet expression would give us a clearer 
picture of mechanism of stet. 
 
Mechanism of EGFR/MAPK Signaling on Modulation of dally 
Another following up question is: how does EGFR signaling repress dally expression 
in IGS cells. One recent paper has shown that dachsous and fat can negatively 
regulate dally expression via the Hippo signaling pathway in Drosophila imaginal 
wing disc (Baena-Lopez et al., 2008). Knockdown of dachsous, fat and components 
of the Hippo pathway was conducted. However, germaria with compromised function 
in these genes in IGS cells do not contain extra Spectrosome-containg cells. These 
results suggest that dachsous, fat and the Hippo pathway in IGS cells are not involved 
in repressing dally expression in Drosophila germaria. In the meantime, we tried to 
establish an in vitro system in Drosophila S2 cells to dissect how EGFR signaling 
represses dally expression. However constitutively active form of EGFR gave rise to 
overexpression of dally, which was contrary to the situation in IGS cells in vivo, 
suggesting that regulation of EGFR/MAPK signaling on dally possibly is in a cell 
context-dependent manner. Thus how EGFR signaling represses dally expression in 
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germaria needs further investigation.  
 
Interactions between the GSC Niche Activities 
Our studies have shown that GSCs play an important role to trigger EGFR/MAPK 
signaling in IGS cells (escort stem cells and escort cells), which, therefore, restricts 
Dpp transportation/stability via repression of dally expression in IGS cells. Thus 
EGFR/MAPK signaling is also one kind of the GSC niche activity. Previous studies 
have demonstrated that Notch, Dpp and JAK-STAT signalings are associated with the 
niche activities. All these niche-associated signals may function coordinately to 
control GSC behaviors. For instance, it has been reported that JAK-STAT signaling 
positively regulates Dpp signaling (Lopez-Onieva et al., 2008; Wang et al., 2008). 
Interactions among these signals await further investigation.  
 
Part II: Somatic Control of Med20 on Germ Cells in Drosophila Germaria 
Results from RNA interference-mediated screening revealed that somatic function of 
Med20 is required in CB-like cell differentiation. And expression profiling of IGS 
cells demonstrated that Med20 regulates various genes expression, including dos.  
 
dos is one Potential Target of Med20 
According to the microarray data, the expression level of dos was reduced 
significantly in med20RNAi in IGS cell sample and the knockdown of dos in germaria 
resulted in formation of extra Spectrosome containing cells. These evidence indicate 
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that dos might be one of the downstream targets of med20. However, the linkage 
between med20 and dos was unclear.  
 
dos is involved in the signaling pathways regulated by receptor tyrosine kinases, such 
as Sevenless and EGFR signaling pathways (Bausenwein et al., 2000; Feller et al., 
2002; Herbst et al., 1996; Raabe et al., 1996). And sev is required for formation of 
germline stem cell niche in Drosophila male gonad (Kitadate et al., 2007). However, 
the knockdown of sev did not show any phenotype in female, and the niche formation 
in med20RNAi and dosRNAi germaria was not affected. So far, mechanism of Dos in IGS 
cells still remains unclear. Thus, other associated proteins with Dos, including 
Corkscrew and Drk, need to be further examined. In addition, the involvement of dos 
in other possible signalings, such as EGFR signaling remains unclear, which also 
needs to be investigated.  
 
A set of Potential Genes Affected by Med20 
Although previous studies show that mediator complex components specifically affect 
gene transcription, experimental results indicate that Med20 may affect sets of 
potential genes in Drosophila IGS cells. Firstly, the experimental results provided 
evidences that dos might be the possible downstream target of med20. However, there 
were also differences between dos and med20RNAi phenotypes. In the med20RNAi 
background, the germarium showed extra Spectrosome-containing cells at 2 or 3 days 
after eclosion. However, in dosRNAi background, the formation of extra 
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Spectrosome-containing cell was only evident 9 days after eclosion.  
 
The differences between these two phenotypes are reasonable. According to the 
microarray data, there were numerous genes affected in the med20RNAi IGS cell 
sample, and knocking down of several genes in IGS cells also resulted in the 
formation of ectopic Spectrosome-containing cells, reminiscent of the med20RNAi 
phenotype. So it is possible that the med20RNAi phenotype resulted from the 
combination of more than one gene. med20 could regulate a set of downstream genes. 
Some of them maybe boost and some diminish the effect of med20RNAi. dos gene 
could be part of the genes regulated by Med20 in IGS cells. Also, to support that dos 
was the real downstream target of med20, the restoring dos in med20RNAi background 
are necessary. If the over expression of dos could fully or partially rescue the 
med20RNAi phenotype, the evidence of dos was downstream of med20 will be more 
solid. From our screening result, we notice that knocking down some other genes in 
IGS cells results in phenotypes related to the med20 knockdown. Further works on 
these possible candidates are needed in order to further understand the mechanism of 
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